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ABSTRACT OF THESIS 
 
 
 
 
COMPARATIVE ECOLOGY OF THE GOLDEN-WINGED WARBLER AND 
BLUE-WINGED WARBLER ON RECLAIMED MINES IN SOUTHEASTERN 
KENTUCKY 
 
The golden-winged warbler (Vermivora chrysoptera) inhabits lower elevations on 
reclaimed surface mines in Kentucky, an indication of recent range expansion in 
this imperiled species.  In 2004 and 2005, I compared breeding habitat between 
the golden-winged warbler and blue-winged warbler (V. pinus) in eastern 
Kentucky at landscape, territory, and nest site scales.  Distance to forest edge 
averaged 38 m for the golden-winged warbler and 33 m for the blue-winged 
warbler.  Maximum territory size averaged 1.5 ha for the golden-winged warbler 
and 2.1 ha for the blue-winged warbler.  The golden-winged warbler occurred at 
higher elevations (up to 912 m) than the blue-winged warbler (up to 693 m).  
Golden-winged warblers occurred on flatter slopes when coexisting with blue-
winged warblers.  A higher percentage of grass cover occurred in golden-winged 
warbler territories where blue-winged warblers were absent compared to 
territories of either species where the two coexisted.  Golden-winged warblers 
coexisting with blue-winged warblers were more often found in shrub cover than 
when they established territories in absence of blue-winged warblers.  
Management for the golden-winged warbler should focus on enhancement of 
transition zones between forest edges and open grasslands, especially at higher 
elevations. 
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CHAPTER 1: INTRODUCTION 
 
The golden-winged warbler (Vermivora chrysoptera) is a neotropical 
migrant songbird that is experiencing rapid population declines and has been 
extirpated in parts of its range (Gill 1980, Confer 1992a, Confer 1992b, Sauer et 
al. 2005).  Because it nests in grasslands, the golden-winged warbler is one of 
many species that is at greatest risk due to the loss of early-successional 
habitats (Hunter et al. 2001, Donovan et al. 2002, Brennan and Kuvlesky 2005).  
Range intrusion by, and subsequent interspecific competition and hybridization 
with the blue-winged warbler (Vermivora pinus) further compound the 
imperilment of the golden-winged warbler (Gill 1980, Confer 1992a, Gill 2004).  
Finally, nest parasitism by the brown-headed cowbird (Molothrus ater) can result 
in reduced clutch size and fledging success of golden-winged warblers (Coker 
and Confer 1990, Confer 1992a, Confer et al. 2003). 
The golden-winged warbler historically inhabited the northeast, while the 
blue-winged warbler was largely allopatric and occurred mostly southwest of the 
Appalachian Mountains (Short 1963).  Anthropogenic changes to the landscape 
facilitated the northeasterly expansion of the blue-winged warbler into golden-
winged warbler range, where it utilized similar habitats including abandoned farm 
fields, powerline rights-of-ways, logged forests, and tamarack (Larix laricina) 
bogs (Short 1963, Gill 1980, Will 1986, Confer 1992b).   
Breeding Bird Survey data since 1966 document breeding populations of 
the golden-winged warbler from southern Manitoba, east through Minnesota, 
Wisconsin, Michigan, southern Ontario, southwestern Quebec, and south 
through New York, Pennsylvania, West Virginia, western Virginia, eastern North 
Carolina, extreme north Georgia, eastern Tennessee, and eastern Kentucky 
(Figure 1-1) (Sauer et al. 2005).  As the blue-winged warbler expanded into 
Michigan, Ohio, and New England in the early 1900’s, the range of the golden-
winged warbler contracted, and in some areas was completely replaced by the 
blue-winged warbler (Gill 1980).  Golden-winged warbler populations have 
decreased where abandoned farm fields have reverted to forests (Canterbury et 
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al. 1993), yet golden-winged warbler populations have recently expanded to the 
north in some areas (Shapiro et al. 2004, Sauer et al. 2005, Confer 2006). 
The golden-winged warbler has experienced a range-wide downward 
trend since 1966, with the most dramatic annual declines in Michigan (-9.0% 
since 1966, -14.5% since 1980), West Virginia (-10.2% since 1966, -9.9% since 
1980), and New York (-5.6% since 1966, -6.0% since 1980) (Sauer et al. 2005).  
Golden-winged warbler populations in U. S. Fish and Wildlife Service (USFWS) 
Region 5 (i.e., Virginia, West Virginia, Pennsylvania, New York, and states to the 
east and north) have experienced statistically significant declines of 8.6% per 
year since 1966, and 6.1% per year since 1980 (Sauer et al. 2005).  Golden-
winged warbler populations are increasing in parts of Canada and northern 
Minnesota (Figure 1-2) (Sauer et al. 2005).  In Kentucky, the golden-winged 
warbler is listed as a state-threatened species (Kentucky State Nature Preserves 
Commission 2005), it is on the Partners in Flight Watch List as a species in need 
of immediate attention (Rich et al. 2004), and is considered a species of National 
Conservation Concern by USFWS (U.S. Fish and Wildlife Service 2002). 
Historically, the golden-winged warbler in Kentucky was rare and 
restricted to higher elevations (~1264 m) of Black Mountain in Harlan County 
(Mengel 1965).  Croft (1969) later documented the species on Pine Mountain 
(~853 m) in June 1967 where a forest fire had occurred in 1960, and also in the 
valley between Pine and Black Mountains (~671 m).  A single golden-winged 
warbler was observed in June 1968 on the ridge-top of Cumberland Mountain in 
Bell County (~1036 m), and multiple golden-winged warblers were observed in 
the same general area during the next two years (Croft 1969, Croft 1971).  
Scattered reports of a few birds were observed in Bell County in early June of 
1978 (Stamm 1978).  The first suggestion of breeding by golden-winged warblers 
in Kentucky was that of an adult feeding a fledgling in Harlan County on June 17, 
1981 (B. L. Palmer-Ball, Kentucky State Nature Preserves Commission, personal 
communication, Palmer-Ball 1996).  Between 1985 and 1991, 6 golden-winged 
warblers were recorded on Black Mountain and at lower elevations, however, 2 
of these were possibly migrants (Palmer-Ball 1996).   
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In 2003, the Kentucky Department of Fish and Wildlife Resources 
(KDFWR) conducted the Golden-winged Warbler Atlas Project (Cornell Lab of 
Ornithology 2003) in eastern Kentucky.  A total of 16 golden-winged warblers 
were documented from 10 May to 15 June 2003 in Bell, Harlan, McCreary, Pike, 
and Whitley counties (Patton et al. 2004).  Territorial males were observed during 
the breeding season on reclaimed mines at lower elevations during the Atlas 
Project and other field activities (J. L. Larkin, Indiana University of Pennsylvania, 
personal communication, Palmer-Ball 1996, Cornell Lab of Ornithology 2003, 
Patton et al. 2004).   
Reclaimed mines in the Midwest have become increasingly important for 
nesting grassland birds such as the Henslow’s sparrow (Ammodramus 
henslowii), grasshopper sparrow (Ammodramus savannarum), and dickcissel 
(Spiza americana) (Bajema et al. 2001, DeVault et al. 2002, Monroe and 
Ritchison 2005).  In Kentucky, the grasshopper sparrow, Henslow’s sparrow, and 
blue grosbeak (Guiraca caerulea) were restricted to the central and western part 
of the state but expanded onto eastern reclaimed mines after forested mountains 
were converted to grasslands (Ciuzio 2002, J. Larkin unpublished data, B. L. 
Palmer-Ball, Kentucky State Nature Preserves Commission, personal 
communication). 
The prevalence of golden-winged warblers on reclaimed mines in 
southeastern Kentucky, coupled with the extensive acreage of early-successional 
habitat available as a result of reclamation justified focusing research on these 
areas.  Few studies have examined golden-winged warbler habitat in either 
traditional habitats or reclaimed mines, or compared habitat between areas 
where the golden-winged warbler occurred without the blue-winged warbler to 
those where both species occurred.  Frech and Confer (1987) compared 
densities of herbs, shrubs, and trees in golden-winged warbler territories without 
blue-winged warblers present to golden-winged warbler territories among blue-
winged warblers.  They concluded that it was unlikely that differences in 
vegetation were driving golden-winged warbler habitat selection in the areas that 
they studied, however the sample size of birds in their study was low.  Klaus and 
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Buehler (2001) found that golden-winged warbler nest sites in regenerating 
forests of the Nantahala and Cherokee National Forests had higher herbaceous 
groundcover compared to unoccupied sites, and had fewer saplings and less 
canopy cover than song perch locations.  Confer et al. (2003) documented higher 
herb cover and lower tree cover in golden-winged warbler territories compared to 
blue-winged warbler territories on abandoned crop fields in New York.  Confer 
and Knapp (1981) did not detect a difference in herb or shrub cover in golden-
winged warbler territories compared to blue-winged warbler territories on 
abandoned farmland in New York.  However, tree cover was greater in blue-
winged warbler territories compared to territories of the golden-winged warbler.  
Canterbury et al. (1993) identified the majority of golden-winged warblers in West 
Virginia on abandoned farmlands, reclaimed mines, and fields in the earliest 
stages of succession as compared to mid- or late successional categories. 
While most research related to the decline of the golden-winged warbler 
focuses on hybridization and introgression with the blue-winged warbler, habitat 
management recommendations are needed by wildlife managers for 
conservation today and in the immediate future (Shapiro et al. 2004).  
Understanding the genetic challenges that face the species is important, yet 
there may be many opportunities for improving conditions for the golden-winged 
warbler in newly colonized areas such as those found in southeastern Kentucky, 
or where succession has progressed beyond what is suitable for this species 
(Canterbury et al. 1993).  This is especially relevant if differences between 
golden-winged warbler and blue-winged warbler habitat can be determined.  
Identification of interspecific associations and habitat characteristics at 
landscape, territory, and nest site scales are key in determining whether golden-
winged warbler populations can potentially be promoted while discouraging 
encroachment by the blue-winged warbler.  The avian community was surveyed 
to inventory other species that may influence and interact with the golden-winged 
warbler.   
The objectives of this study were to: 
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1) Quantify landscape scale characteristics of golden-winged warbler and 
blue-winged warbler breeding habitat in terms of distance to forest edge, 
maximum territory size, and territory overlap,  
2) Quantify biotic and abiotic habitat characteristics within territories of the 
golden-winged warbler and blue-winged warbler, 
3) Identify avian communities that occur on reclaimed mines in association 
with the golden-winged warbler and blue-winged warbler, 
4) Document interspecific interactions and potential hybridization behavior 
between the golden-winged warbler and blue-winged warbler, and 
5) Examine microhabitat characteristics at nest sites of the golden-winged 
warbler and blue-winged warbler. 
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Figure 1-1. Breeding Bird Survey summer distribution of the golden-winged 
warbler from 1994 to 2003 (Sauer et al. 2005). 
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Figure 1-2. Breeding Bird Survey trend map representing changes in golden-
winged warbler populations from 1966 to 2003 (Sauer et al. 2005). 
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CHAPTER 2: STUDY AREA 
 
Research was conducted during 2004 and 2005 on 9 study sites in Bell, 
Harlan, and Whitley counties in southeastern Kentucky.  Five of the sites were on 
the Cumberland Plateau, and four were on the interface of the Cumberland 
Plateau and the Cumberland Mountains.  The study area was part of the eastern 
Kentucky coalfield, named for the rich coal resources that have been mined in 
the region since the late 1700s (Kentucky Foundation 2002).  As a result of 
contour and mountain-top removal mining, linear openings and large expanses of 
grasslands now exist in an otherwise forested region.  Because of mountainous, 
rugged terrain, the road system in southeastern Kentucky consists of narrow, 
two-lane winding roads that limit industry and business entrepreneurs.  The 
economy is limited mostly to coal mining, logging, natural gas extraction, and 
some agricultural opportunities along streams and rivers.  Numerous small towns 
are scattered throughout the study area.   
The spring climate of eastern Kentucky is temperate and mildly humid with 
average temperatures of approximately 13°, 18°, and 22° C in April, May, and 
June, respectively (The Kentucky Climate Center 2007a).  Rainfall from 1895 to 
2004 averaged approximately 9.7, 11.2, and 10.9 cm during April, May, and 
June, respectively (The Kentucky Climate Center 2007b). 
Dominant vegetation on study sites included tall fescue (Festuca 
arundinacea), Timothy grass (Phleum pretense), orchard grass (Dactylis 
glomerata), sericea lespedeza (Lespedeza cuneata), goldenrod (Solidago spp.), 
blackberry (Rubus spp.), autumn olive (Elaeagnus umbellata), clematis (Clematis 
spp.), morning-glory (Ipomoea spp.), black locust (Robinia pseudoacacia), green 
ash (Fraxinus pennsylvanica), and maple (Acer spp.). 
Study sites were selected from Golden-winged Warbler Atlas Project 
surveys (Cornell Lab of Ornithology 2003, Patton et al. 2004), as well as ground 
and aerial exploration.  All study sites were on landscapes that had been 
contour-mined or subjected to mountaintop removal.  Patchy vegetation, steep 
slopes, and disturbance were common on all study sites.  Four study sites had 
golden-winged warblers and no blue-winged warblers, whereas, five study sites 
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had both species (Figure 2-1).  Two of the sites, one with only golden-winged 
warblers and one with both species, were added in 2005.  
The Williamsburg study site (Figure 2-2) in Whitley County was owned by 
Cumberland College.  The tract encompassed approximately 3,240 ha of mixed 
forest and early successional habitat.  Elevations of sampling plots ranged from 
480 to 609 m above mean sea level (MSL).  Extensive logging occurred in 
forests surrounding golden-winged and blue-winged warbler habitat during both 
years of the study. 
Bell County study sites included Fonde, Tower, Coldstone, Beverly, 
Begley 1, and Begley 3.  Fonde (Figure 2-3) was a reclaimed contour mine that 
supported early successional habitat at 617 to 889 m above MSL.  Tower (Figure 
2-3) was the smallest study site, and occurred on a mountaintop where a gravel 
road leading to a communications tower was flanked by early successional 
habitat.  Elevations of Tower sampling plots ranged from 867 to 912 m above 
MSL.  Coldstone (Figure 2-4) was leased for cattle grazing and had elevations 
from 426 to 514 m above MSL.  Beverly (Figure 2-5) was a reclaimed study site 
that was added in 2005.   Steep slopes were prevalent throughout the site.  
Elevations of Beverly ranged from 531 to 647 m above MSL.  Begley 1 (Figure 2-
5) and Begley 3 (Figure 2-5) were part of a mountaintop removal mine that 
totaled approximately 8,094 ha, and was a mosaic of forests, early successional 
habitats, and grasslands.  Elevations of Begley 1 ranged from 598 to 693 m 
above MSL, whereas Begley 3 elevations ranged from 615 to 731 m MSL.  The 
Begley sites had moderately high truck traffic due to a nearby coal-washing plant 
and mining activity.   
The two sites in Harlan County were Bigfoot (Figure 2-5) and Coalgood 
(Figure 2-6).  Bigfoot was near the Bell/Harlan County line and in close proximity 
to Begley 1 and Begley 3.  Bigfoot was part of the Begley Wildlife Management 
Area that is managed by KDFWR.  Elk (Cervus elaphus) were restored to the 
area encompassing Begley 1, Begley 3, and Bigfoot in the late 1990s (Larkin et 
al. 2001).  Free ranging cattle and horses also used the area.  Elevations of 
Bigfoot sampling plots ranged from 573 to 691 m above MSL.  The Coalgood site 
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was added to the study in 2005.  This area included active and abandoned mines 
where early successional habitat occurred as a contour on both sides of a gravel 
road.  Elevations of the Coalgood sampling plots ranged from 504 to 800 m 
above MSL. 
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Figure 2-1. The study area was within a 3-county portion of southeastern 
Kentucky.  The 9 sites included 4 where the golden-winged warbler occurred and 
the blue-winged warbler was absent; Williamsburg (1), Fonde (2), Tower (3), and 
Coalgood (4) and 5 sites where both species occurred; Beverly (5), Begley 3 (6), 
Begley 1 (7), Bigfoot (8), and Coldstone (9). 
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Figure 2-2. The Williamsburg study site in Whitley County.  Polygons represent 
golden-winged warbler territories for 2004 and 2005. 
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Figure 2-3. The Fonde and Tower study sites in Bell County.  Polygons represent 
golden-winged warbler territories for 2004 and 2005. 
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Figure 2-4. The Coalgood study site in Harlan County.  Polygons represent 
golden-winged warbler territories for 2005.   
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Figure 2-5. The Beverly study site in Bell County.  Red polygons represent 
golden-winged warbler territories, and blue polygons represent blue-winged 
warbler territories for 2005.   
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Figure 2-6.  The Begley 3, Begley 1, and Bigfoot study sites in Bell and Harlan 
counties.  Red polygons represent golden-winged warbler territories, and blue 
polygons represent blue-winged warbler territories for 2004 and 2005. 
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Figure 2-7. The Coldstone study site in Bell County.  Red polygons represent 
golden-winged warbler territories, and blue polygons represent blue-winged 
warbler territories for 2004 and 2005. 
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CHAPTER 3: LANDSCAPE SCALE HABITAT ASSOCIATIONS 
 
Introduction 
 Landscape characteristics are important to migratory birds in terms of 
large-scale habitat selection (Kristan 2006).  Grassland birds cue in on patches 
of early successional habitat, sometimes dependent on patch size or amount of 
edge (Bajema and Lima 2001, Bakker et al. 2002, Davis 2004).  Reclaimed 
mines are easily visible from above because they cover very large expanses 
where forests have been cleared for mining.  The golden-winged warbler has 
taken advantage of reclaimed mines in West Virginia, Tennessee, and recently 
Kentucky (Canterbury et al. 1993, Bulluck and Buehler 2004, Canterbury 2004, 
Patton et al. 2004).  Studies are underway in these states to identify ecological 
associations of the golden-winged warbler in these altered landscapes.  This 
study focuses on landscape scale habitat relations of the golden-winged warbler 
and blue-winged warbler in southeastern Kentucky. 
The golden-winged warbler and blue-winged warbler commonly occur 
together in loosely defined groups (Confer 1992b).  Colonies of these two 
species typically occur in openings of 10 - 50 ha of early successional habitat, 
but territories may not be distributed evenly or entirely throughout an area 
(Confer and Knapp 1981).  Territories of the golden-winged warbler often overlap 
with those of the blue-winged warbler (Will 1986, Gill and Murray 1972a, Confer 
2006).  Groups of up to 10 pairs have been observed on abandoned farmland in 
New York (Confer and Knapp 1981) and up to 15 singing males in West Virginia 
(Canterbury et al. 1993).  Territories of the golden-winged warbler range from 
0.21 to 3.25 ha (Murray and Gill 1976, Confer and Knapp 1977, Will 1986, Confer 
and Larkin 1998), versus 0.39 to 5.66 ha for the blue-winged warbler (Murray and 
Gill 1976, Confer and Knapp 1977, Will 1986).  Golden-winged warblers 
generally avoid breeding in areas smaller than 2 ha (Hunter et al. 2001).  
Territories are often near forest edges and include shrubby patches interspersed 
with herbaceous ground cover (Will 1986, Hands et al. 1989, Klaus and Buehler 
2001, Confer et al. 2003). 
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The objectives for this study were to examine the relationship of golden-
winged warbler and blue-winged warbler territories on the landscape and develop 
management recommendations that are intended to maximize the ecological 
conditions needed by the golden-winged warbler for colonization.  The null 
hypotheses tested were 1) golden-winged warbler and blue-winged warbler 
territory sizes would not differ, and 2) the distance from forest edge for golden-
winged warbler and blue-winged warbler territories would not differ.  Territory 
overlap between the golden-winged warbler and blue-winged warbler was also 
examined qualitatively.   
Materials and Methods 
Male golden-winged warblers and blue-winged warblers were attracted 
with recorded songs, captured in mist-nets, and banded with a unique 
combination of colored bands (Avinet, Inc.) and a USFWS metal band (Appendix 
A).  Permits were obtained including a scientific and educational collecting permit 
from KDFWR, an animal handling protocol approved by the University of 
Kentucky International Animal Care and Use Committee (Protocol # 
00690A2004), and a U.S Fish and Wildlife Service banding permit.  Age and sex 
were determined according to Pyle (1997).  Territories were delineated with 
flagging by observing birds singing and feeding in trees and other vegetation.  
Perch locations were recorded as latitude / longitude using a GPS.  Sites were 
visited twice per week from either the last week in April or early May to mid June.  
See Chapter 2 for a detailed description of study area and study sites.  Birds 
were observed from dawn until late morning when singing ceased.  The order 
that birds were monitored was alternated between visits to decrease time of day 
effects on activity (Shields 1977, Bibby et al. 2000). 
Distances to nearest forest edges were calculated bird locations by the 
Auto Add Lines program (Environmental Systems Research Institute 2005 and 
modified by D. Vichitbandha of KDFWR) run in ArcGIS (Environmental Systems 
Research Institute 2006) (Figures 3-1 and 3-2).  Forest edges were digitized at a 
map scale of 1:4,500 from digital photo imagery (Kentucky Geography Network 
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2005).  This was approximately 10 years more recent than black and white 
imagery available for this area. 
Distances to forest edge were averaged for each bird territory.  Analysis of 
variance was performed on average distance to edge across species and years 
to identify whether an interaction occurred.  Student’s t-tests were used to 
determine differences within main effects. 
Minimum convex polyons (MCP) were created for each bird territory using 
Hawth’s Analysis Tools (Beyer 2004) in ArcGIS (Figures 3-3 and 3-4).  All 
locations from the breeding season were included in MCP analyses (Barg et al. 
2005, Borger et al. 2006).  MCP methods are not recommended for calculating 
home ranges for the purpose of comparing used versus available habitat 
because they do not differentiate between areas of high and low activity and can 
exhibit high variation (Barg et al. 2005, Borger et al. 2006).  However, in this 
study, MCPs were used to supplement distance to edge data by identifying 
maximum territory size for each territorial male (Will 1986) to further describe the 
transition zone from forest edge to grassland.  MCP methods in this context are a 
reasonable method to use because overestimation would yield a generous 
recommendation for the amount of transition zone for which to create.  Larger 
patches of early successional habitat may support a higher number of birds and 
facilitate conspecific attraction to an area (Confer 1992b).   
Analysis of variance was performed on MCP areas across species and 
years to identify whether an interaction occurred.  Territory overlap was 
calculated as the ratio of combined area of the territories to the sum of the 
individual territories.  Areas were calculated using ArcGIS. 
Results 
Twenty-two golden-winged warbler territories and 7 blue-winged warbler 
territories were mapped during 2004 (Table 3-1).  In 2005, 29 golden-winged 
warbler and 15 blue-winged warbler territories were mapped.   
Analysis of variance indicated a difference in average distance to forest 
edge across years (p = 0.05) but not across species (p = 0.58).  There was no 
significant interaction between the main effects (p = 0.26).  For the golden-
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winged warbler, the Student’s t-test indicated that the average distance to forest 
edge differed between years (p = 0.005).  The distance from edge for golden-
winged warbler territories in 2004 averaged 48.5 m (SD = 27.9) and in 2005 
averaged 27.3 m (SD = 20) (Appendix B).  For the blue-winged warbler, the 
Student’s t-test indicated no difference between years (p = 0.6).  The average 
distance to forest edge of blue-winged warbler territories for both years combined 
was 33.1 m (SD = 28.7).   
Analysis of variance indicated a difference in MCP area across species (p 
= 0.04) but not across years (p = 0.6).  There was no significant interaction 
between the main effects (p = 0.2).  Average MCP area was 1.5 ha (SD = 1.2) for 
the golden-winged warbler, and 2.1 ha (SD = 1.5) for the blue-winged warbler 
(Table 3-2). 
The majority of bird territories did not overlap between individuals or 
species.  Four golden-winged warbler territories overlapped with blue-winged 
warbler territories.  Territory overlap ranged from 9% to 24%.  Interspecific 
interactions between the males of 3 of these territories included; 1 involving a 
golden-winged warbler and blue-winged warbler chasing each other over the 
nest of the blue-winged warbler, 1 involving the males chasing each other in the 
presence of a female golden-winged warbler, and the other involving a golden-
winged warbler frequently harassing the blue-winged warbler.  Four golden-
winged warbler territories overlapped with another golden-winged warbler.  
Territories overlapped from 0.4% to 8%.  Interaction occurred between the males 
of 1 territory when one male followed and harassed the other mated male.  One 
blue-winged warbler territory overlapped with another blue-winged warbler by 
0.3%, and no interactions were documented. 
Discussion and Management Implications 
The association of golden-winged warbler and blue-winged warbler 
territories to forest edge is evident on reclaimed mines in this study.  While early 
successional patches may be more available near forest edges than away from 
edges, the propensity for the golden-winged warbler and blue-winged warbler to 
establish territories near forest edges is likely related to availability of singing 
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perches, foraging opportunities, nesting requirements, and microclimate 
preferences.  Both species have weak songs that may benefit from tall perch 
trees in the forest edge, especially when attracting females or conspecifics to the 
breeding grounds.  Forests also may contribute to foraging opportunities.  While 
these warblers were commonly observed feeding on caterpillars in black locust 
trees and saplings in open areas, they were also observed foraging while singing 
in trees on the forest edge.  Forests also provide nesting material such as the 
bark of grapevines (Vitis spp.) and oak (Quercus spp.) leaves commonly found in 
nests of both species in this study.  One female golden-winged warbler was 
observed on several occasions flying approximately 80 m to the forest edge to 
obtain grapevine bark.  Wind speed, temperature, and moisture gradients may 
differ between forest edges and open areas, as they do from edges into forest 
interiors (McCollin 1998), resulting in a microclimate that is unique to the forest 
edge.   
Management efforts to promote the golden-winged warbler should be 
focused along forest edges rather than open grasslands.  The transition zone 
should be manipulated to extend at least 80 m from the forest edge to grassland.  
Transition zones should extend lengthwise as far along forest edges as is 
feasible, and along as many forest edges in a fragmented area as is possible, in 
order to support more birds in an area.  Larger patches of suitable golden-winged 
warbler habitat may support additional birds as a result of conspecific attraction, 
thereby increasing fitness as a result of clustered breeding (Ahlering and 
Faaborg 2006). 
Numerous openings on reclaimed mines in this study had early 
successional habitat, yet the golden-winged warbler and blue-winged warbler 
were absent.  Some of these may have been too successionally advanced, and 
prescribed burning could be an effective management tool to set back 
succession.  Conversely, there were many sites where forest edges abruptly 
changed to grassland with little or no transition zone, resulting in a hard edge.  
These edges could be enhanced by planting saplings, herbs, and a few shrubs.  
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Hollow-fills reclaimed solely with grasses could be improved to include patches of 
herbaceous vegetation, shrubs, and woody stems.   
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Table 3-1. Golden-winged warbler and blue-winged warbler territories 
categorized by study site and year. 
 
Golden-winged Warbler Territories 
Site Name Site Type 2004 2005 
Fonde GW 3 4 
Tower GW 1 2 
Williamsburg GW 4 9 
Coalgood GW NA* 2 
Begley 1 GWBW 5 2 
Begley 3 GWBW 6 2 
Beverly GWBW NA* 4 
Bigfoot GWBW 2 3 
Coldstone GWBW 1 1 
Total 22 29 
    
    
Blue-winged Warbler Territories 
Site Name Site Type 2004 2005 
Fonde GW NA** NA** 
Tower GW NA** NA** 
Williamsburg GW NA** NA** 
Coalgood GW NA** NA** 
Begley 1 GWBW 2 4 
Bigfoot GWBW 2 2 
Begley 3 GWBW 0 0 
Beverly GWBW NA* 5 
Coldstone GWBW 3 4 
Total 7 15 
    
* This study site was added in 2005. 
** This was a site where only the golden-winged occurred. 
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Table 3-2. Areas of 73 golden-winged warbler and blue-winged warbler territories 
using minimum convex polygons. 
 
Study Site Territory ID Site Type Species MCP Area (ha) 
Tower 17 GW GW 0.635 
Tower 21 GW GW 1.847 
Tower 16 GW GW 0.382 
Fonde 14 GW GW 1.256 
Fonde 18 GW GW 0.482 
Fonde 4 GW GW 2.696 
Fonde 15 GW GW 0.660 
Fonde 3 GW GW 2.829 
Fonde 19 GW GW 1.514 
Fonde 20 GW GW 0.288 
Williamsburg 13 GW GW 0.665 
Williamsburg 12 GW GW 1.736 
Williamsburg 25 GW GW 1.146 
Williamsburg 5 GW GW 2.287 
Williamsburg 24 GW GW 0.660 
Williamsburg 6 GW GW 1.528 
Williamsburg 9 GW GW 0.779 
Williamsburg 8 GW GW 1.220 
Williamsburg 23 GW GW 0.536 
Williamsburg 7 GW GW 1.424 
Williamsburg 10 GW GW 1.384 
Williamsburg 11 GW GW 1.627 
Williamsburg 22 GW GW 0.605 
Coalgood 1 GW GW 1.669 
Coalgood 2 GW GW 1.347 
Begley 1 37 GWBW BW 2.236 
Begley 1 39 GWBW BW 4.473 
Begley 1 53 GWBW BW 3.162 
Begley 1 55 GWBW BW 2.573 
Begley 1 33 GWBW BW 1.034 
Begley 1 26 GWBW BW 4.096 
Begley 1 59 GWBW GW 0.203 
Begley 1 56 GWBW GW 0.930 
Begley 1 57 GWBW GW 1.825 
Begley 1 58 GWBW GW 0.544 
Begley 1 54 GWBW GW 3.424 
Begley 1 38 GWBW GW 0.282 
Begley 1 35 GWBW GW 2.112 
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Table 3-2. Continued. 
     
Study Site Territory ID Site Type Species MCP Area (ha) 
Bigfoot 60 GWBW BW 0.791 
Bigfoot 61 GWBW BW 1.341 
Bigfoot 32 GWBW BW 0.757 
Bigfoot 31 GWBW BW 1.286 
Bigfoot 62 GWBW GW 0.930 
Bigfoot 63 GWBW GW 2.152 
Bigfoot 30 GWBW GW 1.326 
Bigfoot 43 GWBW GW 4.582 
Bigfoot 36 GWBW GW 5.808 
Begley 3 68 GWBW BW 1.831 
Begley 3 64 GWBW GW 1.153 
Begley 3 65 GWBW GW 0.549 
Begley 3 66 GWBW GW 1.187 
Begley 3 67 GWBW GW 1.786 
Begley 3 69 GWBW GW 1.262 
Begley 3 51 GWBW GW 2.949 
Begley 3 50 GWBW GW 1.712 
Coldstone 72 GWBW BW 0.744 
Coldstone 40 GWBW BW 1.368 
Coldstone 71 GWBW BW 6.703 
Coldstone 42 GWBW BW 4.229 
Coldstone 44 GWBW BW 1.235 
Coldstone 73 GWBW BW 0.828 
Coldstone 45 GWBW BW 1.730 
Coldstone 41 GWBW GW 0.635 
Coldstone 70 GWBW GW 0.421 
Beverly 29 GWBW BW 1.503 
Beverly 34 GWBW BW 2.018 
Beverly 52 GWBW BW 1.915 
Beverly 27 GWBW BW 0.856 
Beverly 47 GWBW BW 1.306 
Beverly 28 GWBW GW 4.204 
Beverly 46 GWBW GW 0.940 
Beverly 48 GWBW GW 0.371 
Beverly 49 GWBW GW 0.964 
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Figure 3-1. Example 1 of the Auto Add Lines program to determine the distance 
to edge for each bird location.  The heavy red line indicates the digitized forest 
edge.  The lighter red lines indicate the shortest distance from a singing perch to 
the forest edge.  The colored points indicate individual birds. 
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Figure 3-2. Example 2 of the Auto Add Lines program to determine the distance 
to edge for each bird location.  The heavy red line indicates the digitized forest 
edge.  The lighter red lines indicate the shortest distance from a singing perch to 
the forest edge.  The colored points indicate individual birds. 
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Figure 3-3. Example 1 of maximum areas determined by Minimum Convex 
Polygons.  Overlapping territories did not occur in the same year.  The heavy red 
line indicates the boundary of an individual territory.  The colored points indicate 
individual birds. 
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Figure 3-4. Example 2 of maximum areas determined by Minimum Convex 
Polygons.  All territories occurred in 2005.  The heavy red line indicates the 
boundary of an individual territory.  The colored points indicate individual birds. 
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CHAPTER 4: TERRITORY CHARACTERISTICS IN THE GOLDEN-WINGED 
WARBLER AND BLUE-WINGED WARBLER 
 
Introduction 
 
A compelling explanation for the decline of the golden-winged warbler 
eludes researchers despite ongoing efforts to identify factors affecting the 
species’ survival.  Studies of hybridization with the blue-winged warbler and 
associated introgression have yielded conflicting results regarding the genetic 
dominance of one species over another (Gill 1997, Gill 2004, Shapiro et al. 2004, 
Dabrowski et al. 2005, Confer 2006).  Observations of inter-specific competition 
are inconsistent; the golden-winged warbler dominated the blue-winged warbler 
in social interactions in New York (Confer and Larkin 1998), whereas the 
opposite occurred in Michigan (Will 1986).  Golden-winged warbler habitat use 
varies widely throughout its range.  For example, it is found in both dry uplands 
and swamps (Ficken and Ficken 1968b, Will 1986, Confer et al. 2003).  Although 
insights have been gained from these studies, it is unknown whether differences 
are site specific.  Therefore, the implications of the studies conducted to date are 
equivocal with regard to species management.  Undoubtedly, the issues 
surrounding golden-winged warbler conservation are complex and compounded 
by the loss of breeding and wintering habitat (Confer 1992a, Klaus and Buehler 
2001).   
The golden-winged warbler and blue-winged warbler inhabit a variety of 
natural and anthropogenic habitat types including forest openings, abandoned 
farm fields, power line rights-of-way, and tamarack bogs (Confer 1992b).  
Reclaimed mines are utilized in the southern parts of their ranges (L. P. Bulluck, 
University of Tennessee, Knoxville, personal communication, Canterbury et al. 
1993, Patton et al. 2004).  Breeding territories for both species usually consist of 
thick, herbaceous ground cover, several small trees and shrubs, a few scattered 
tall trees, and often a forest border (Will 1986, Frech and Confer 1987, Hands et 
al. 1989, Klaus and Buehler 2001, Confer et al. 2003).  Herbaceous plants and 
shrubs often occur in patches within the territory (Confer and Knapp 1981). 
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The golden-winged warbler is a habitat specialist in regard to the 
successional stage of habitat it prefers, whereas the blue-winged warbler is more 
of a generalist, tolerating a broader range of characteristics (Confer and Knapp 
1981, Canterbury et al. 1993).  Confer et al. (2003) documented higher herb 
densities and lower tree densities in golden-winged warbler territories compared 
to blue-winged warbler territories in north central New York.  Confer and Knapp 
(1981) suggested that the more specialized preferences of the golden-winged 
warbler are at least partly responsible for population declines in New York.   
Habitat characteristics of the golden-winged warbler have been 
documented in clear cuts in Tennessee and North Carolina (Klaus and Buehler 
2001), power line rights-of-way and clear cuts in Pennsylvania (Kubel and 
Yahner 2004), old fields and woodlands in Michigan (Will 1986), and abandoned 
farmland in New York (Confer et al. 2003).  While Canterbury et al. (1993) 
conducted a qualitative comparison of habitat types on reclaimed mines, 
quantified characteristics have yet to be completed for this habitat type. 
A decline in the availability of early successional habitats has occurred 
due to succession of old fields to forest in the northeast (Gill 1980).  However, 
reclaimed surface mines make up a growing proportion of the landscape in the 
southeast.  Golden-winged warblers are common on reclaimed mines in 
Tennessee where blue-winged warblers are absent (L. P. Bulluck, University of 
Tennessee, Knoxville, personal communication).  They also occur on mines in 
West Virginia (Canterbury et al. 1993).  The golden-winged warbler has likely 
expanded into Kentucky as reclaimed surface mines take on suitable habitat 
characteristics (Patton et al. 2004).   
Surveys of golden-winged warbler habitat on reclaimed mines in 
southeastern Kentucky indicated that these areas were characteristic of typical  
habitats the species occupies elsewhere (Confer and Knapp 1981, Confer et al. 
2003).  While the locations of some golden-winged warbler sites found during the 
Golden-winged Warbler Atlas Project (Cornell Lab of Ornithology 2003, Patton et 
al. 2004) were suggestive of habitat differences between the golden-winged 
warbler and blue-winged warbler in Kentucky, no differences in habitat were also 
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a possibility because both species co-existed at numerous locations.  The main 
objective of this study was to determine if differences occurred in habitats used 
by the golden-winged warbler and blue-winged warbler, and if so, to identify 
characteristics that managers can manipulate to encourage colonization and 
breeding by the golden-winged warbler.  Accordingly, a suite of biotic and abiotic 
characteristics were examined in areas occupied solely by the golden-winged 
warbler and other sites where both species occurred (mixed sites).  The null 
hypothesis tested was that golden-winged warbler sites and mixed sites were 
indistinguishable. 
Materials and Methods 
Field Sampling 
In each golden-winged warbler and blue-winged warbler territory, 
structural and vegetative characteristics were sampled in 10 circular (5 m radius) 
plots (Klaus and Buehler 2001, Remes 2003, DeBoer and Diamond 2006).  Plots 
of this size are more efficiently and accurately sampled than larger plots 
(Bonham 1989).  Additionally, an increased number of smaller plots (rather than 
fewer larger plots) better reflect the patchy nature of local vegetation (Bonham 
1989), a characteristic of reclaimed surface mines.  The first sampling plot was 
established by pulling a measuring tape a random distance no more than 20 m 
from a randomly selected territory edge.  The distance to the first plot was 
selected from a sheet of random numbers, and the direction from the territory 
edge was chosen by spinning the dial of a compass.  The distance measured 
from the territory edge marked the first plot center.  Subsequent plot centers 
were determined by measuring 30 to 40 m (depending on territory size) from the 
original plot center and continued at 90 degrees from one another across the 
territory.  The plot center and the 4 cardinal directions were flagged as reference 
points during data collection.  Habitat data were collected from mid June to mid 
July in 2004 and 2005 after territory mapping and most nesting of the target 
species were completed. 
Habitat variables measured in each plot included slope, aspect, elevation, 
vegetation density and obstruction, shrub height, canopy cover, percent grass, 
 34
percent forb, percent shrub, tree basal area, aggregate sapling height, and 
number of seedlings.  Slope was recorded to the nearest percent with a 
clinometer.  Aspect was determined to the nearest degree with a compass.  
Elevation (m) was recorded using a GPS (North American Datum 1983) or 
altimeter (Suunto Escape203 model). 
Vegetation density and visual obstruction were determined by using a 3.4 
X 3.4 cm² by 2.4 m long wooden picket, hereafter referred to as Robel readings, 
alternately painted in black and white decimeters (modified from Robel et al. 
1970, Griffith and Youtie 1988).  Sixteen readings were taken facing the Robel 
pole 1 m above the ground and 4 m from the pole.  Four readings were taken at 
each cardinal direction of the 5 m radius plot and averaged to yield 1 value per 
plot. 
Shrub height (m) was recorded as the mean height of all shrubs in a plot 
measured by a combination of visual estimates and Robel readings.  Percent 
canopy cover was recorded at the plot center with a spherical densiometer facing 
each cardinal direction.  The 4 readings were averaged to yield 1 value per plot.  
The percentages of grasses, forbs, and shrubs were recorded for each plot by 
visual estimation.  The 4 dominant species of grasses, forbs, shrubs, and vines 
were recorded.   
 The diameter at breast height (dbh = 1.37 m) of each tree was measured 
(Avery and Burkhart 1983) to compute basal area for each plot ≥ 10 cm dbh (Will 
1986, Klaus and Buehler 2001, Hudman 2002).  Height (measured with a 
clinometer) and species were recorded for each tree.   
Aggregate sapling height was determined by recording the number and 
height (visual estimate) of all saplings <10 cm dbh and >1 m tall (Klaus and 
Buehler 2001).  The species of all saplings was also recorded.  The number and 
species of all seedlings < 1 m tall were recorded (Klaus and Buehler 2001).   
Data Analyses 
Percentages of slope, canopy cover, grass, forb, and shrub were arcsine 
transformed to improve normality (Bonham 1989).  The number of seedlings per 
plot was square root transformed after adding 0.5 to each value because these 
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1 – cos (θ – 45) 
           2 
were count data that included zeros (Sokal and Rohlf 1969).  Aspect data were 
transformed according to McCune and Grace (2002) to reflect Heat Load Index 
using the formula: 
 
 
 
Heat Load Index is a measure of solar radiation along the northeast-southwest 
axis (McCune and Grace 2002), and may be an important indicator of bird 
nesting preference. 
Basal area for each tree recorded in a plot was calculated using the 
formula: dbh² x 0.00007854 (Kuers 2005).  Basal areas were summed for each 5 
m radius plot (78.5 m²).  Total basal area for each plot was determined using the 
formula: sum of BA / 0.00785 to yield values in m² / ha. 
The heights of all saplings were summed in each plot to yield a single 
value of aggregate height, an indicator of density that is more reliable than other 
measures, such as number of saplings or average height of saplings (Fei et al. 
2006). 
Data were pooled across years because plots sampled in the same areas 
in both seasons were considered independent due to annual structural changes 
in habitat (such as growth and tree blow-downs) (Winter et al. 2005).  Shapiro-
Wilk tests for normality (SAS Institute 2001) indicated non-normal distributions of 
the 12 habitat variables (Appendix C).   
To reduce multicollinearity, the SAS CORR Procedure (SAS Institute 
2001) was used to identify correlations among variables.  Spearman’s rank 
correlation coefficient was used because it is a nonparametric measure of 
correlation.  Twelve variables were reduced to 9; Robel density and percent 
shrub were correlated (r = 0.60115), as were Robel density and shrub height (r = 
0.47420) and percent shrub and shrub height (r = 0.74745) (Figure 4-1).  Percent 
shrub was retained because it can serve as an indicator of vegetation density 
and obstruction and is more efficient to measure in the field than Robel density.  
Percent canopy cover was eliminated in favor of basal area (r = 0.67233) 
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because the latter is a more valuable measure as an indicator of tree density and 
is an indirect measure of canopy cover (Avery and Burkhart 1983).   
Percent canopy cover was also correlated with aggregate sapling height (r 
= 0.62731), another reason for removing canopy cover from the analyses. 
Nonparametric multivariate analyses were used to identify habitat 
associations between the golden-winged warbler and blue-winged warbler.  Multi 
Response Permutation Procedures (MRPP) using PC-ORD software (McCune 
and Mefford 1999) were used to detect differences in breeding habitat between 
the two species at plot and territory scales.  MRPP was used because variables 
did not meet normality parameters.  MRPP measures the variability within the 
data points and is not influenced by external characteristics of the data 
(Zimmerman et al. 1985).  The Sorenson (Bray-Curtis) distance measure was 
used in MRPP analyses because it gives less weight to outliers than Euclidean 
distance measures (McCune and Mefford 1999).   
Nonmetric Multidimensional Scaling (NMS) ordination in PC-ORD was 
used to identify variation between site types that were designated: 0 = blue-
winged warbler territories in areas with the golden-winged warbler, 1 = golden-
winged warbler territories in areas with the blue-winged warbler, or 2 = golden-
winged warbler territories in areas without the blue-winged warbler.  NMS 
ordination was run at the plot and territory scales, but not at the site scale 
because there were no sites where only the blue-winged warbler occurred.  NMS 
does not require normality and is less sensitive to outliers and skew than 
Principal Components Analysis or Discriminant Components Analysis (McCune 
and Mefford 1999).  Matrix 1 at the plot scale included 711 plots (rows) and 9 
variables (6 biotic, 3 abiotic).  Matrix 1 at the territory scale included 73 territories 
(rows) and the same 9 quantitative variables.  Matrix 2 for plot and territory 
scales contained 1 qualitative variable that included the 3 site type designations.   
The preliminary NMS ordination was run at the plot and territory scales 
using the Sorensen (Bray-Curtis) distance measure.  The parameters for the 
preliminary NMS run included a 6-dimensional stepped down to 1-dimensional 
solution, an instability criterion of 0.00001, 500 iterations, and 50 runs of both 
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real and Monte Carlo randomized data (McCune and Grace 2002).  The Monte 
Carlo procedure determined whether separation from axes was significant or by 
chance.  Starting configurations for iterations were randomly generated by 
PCORD.   
The parameters for the final run of NMS included 2 dimensions for the plot 
data and 1 dimension for the territory data, an instability criterion of 0.00001, 500 
iterations, 1 real run with no randomizations, no step-down in dimensionality, and 
the starting configuration from the preliminary run. 
The optimal dimensionality of the data sets were selected by PCORD 
based on a comparison of stress values of real data versus randomized data.  
The proportion of variance represented by each axis was measured by 
coefficient of determination r² values that reflect the distance in the ordination 
space and the distance in original space.  Values of r² were generated by running 
the “Percent of Variance in Distance Matrix” command in PCORD using the 
Sorensen (Bray-Curtis) distance measure. 
Mixed Models (SAS Institute 2001) were used to further examine habitat 
associations of the golden-winged warbler and blue-winged warbler.  Site types 
were designated as in NMS: 0 = blue-winged warbler territories in areas with the 
golden-winged warbler, 1 = golden-winged warbler territories in areas with the 
blue-winged warbler, or 2 = golden-winged warbler territories in areas without the 
blue-winged warbler.  Site type was a fixed effect, while random effects included 
plots nested within territories.  Each of the 9 variables used in NMS were run as 
dependent variables in the Mixed Models analyses.  Parametric procedures were 
justified because of the large sample sizes (n = 711 plots; n = 215 site type 0, n = 
257 site type 1, and n = 239 site type 2) and the nested design.  Differences 
among Least Squares Means of fixed effect variables were performed using 
Tukey’s pairwise comparisons.  Differences for the tests of fixed effects and 
pairwise comparisons were significant at p < 0.05. 
The frequency of plots in relation to variable values was graphed to 
compare differences between golden-winged warbler sites and sites where the 
golden-winged warbler and blue-winged warbler co-existed.  Percent slope, 
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grass, forb, shrub, and number of seedling graphs were based on raw data rather 
than transformed data to obtain applicable graphical results.  The appropriate 
class intervals were chosen according to Ott (1993).  Between 9 and 19 intervals 
were used for the histograms. 
Indicator Species Analyses in PC-ORD was used to categorize grass, 
forb, shrub, vine, tree, sapling, and seedling genera (common and scientific 
names in Appendix D) as specific to either golden-winged warbler sites or mixed 
sites.  The Monte Carlo test was used to determine the statistical significance of 
indicator values.  PC-ORD software computes indicator values based on the 
Dufrêne and Legendre (1997) method of combining species abundance and 
group fidelity.  Indicators were considered significant at p < 0.01 due to the high 
number of genera in most of the analyses.  The number of randomizations used 
in the Monte Carlo test was 1000.  Even if genera were significant at p < 0.01, 
they were not considered meaningful indicators unless they had indicator values 
of at least 25, meaning that a genera was present in at least 50% of the samples 
in one of the groups (Dufrêne and Legendre 1997). 
Results 
Twenty-five golden-winged warbler territories were identified at golden-
winged warbler-only sites.  Forty-eight territories were identified at mixed sites 
(26 golden-winged, 22 blue-winged).  A total of 239 plots were sampled in sites 
where only the golden-winged warbler occurred.  A total of 472 plots were 
sampled where both species occurred; 215 plots were sampled in blue-winged 
warbler territories, and 257 plots were sampled in golden-winged warbler 
territories.  When sampling first started, relatively small territories had 5 sample 
plots rather than 10; hence, 4 territories had 5 sample plots.  However, to 
standardize sampling, subsequent territories had 10 plots regardless of size.  
One territory had 9 plots due to the discovery of a golden-winged warbler nest in 
the area (1 plot was abandoned so the nest wouldn’t be disturbed).  One territory 
had 12 plots, and all were included in the analyses. 
Two outliers were removed from the seedling abundance dataset.  
Another outlier was removed from the aggregate sapling height dataset.   
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MRPP indicated a difference among the site types at the plot level (p < 
0.0001) with strong separation (T = - 57.9).  The agreement statistic (A = 0.07) 
indicated strong within-group homogeneity.  A difference among the site types at 
the territory level occurred (p < 0.002), with weaker (T = - 4.8) separation 
between groups.  However, a strong agreement statistic (A = 0.064) indicated 
within-group homogeneity.   
The Monte Carlo test of the NMS ordination indicated that the best 
solution was 2 dimensional at the plot scale (p = 0.0196) and 1 dimensional at 
the territory scale (p = 0.0196) without similar stress levels being obtained by 
chance (Table 4-1); i.e., NMS extracted stronger axes than expected by chance 
(McCune and Grace 2002).  Stress values of the real data are compared to 
randomizations of the real data.     
Stability of the solution was determined by the final stress values (plot final 
stress = 9.5, territory final stress = 27.5) using Clarke’s rules of thumb (McCune 
and Grace 2002) whereby values between 5 and 10 indicate a reasonable 
ordination and values between 10 and 20 are acceptable (excluding extreme 
values).  The ordination of the territory data was not considered further in the 
analysis because of the high final stress values indicating an unreliable 
ordination (McCune and Grace 2002).  A second indicator of stability of the 
solution was determined by an examination of the plot of stress versus iteration 
number.  The curve for the plot data set stabilized without terminal fluctuation, an 
indication of a sufficient number of iterations (McCune and Grace 2002).  The 
final instability value for the plot data was 0.00001.   
Ordination of the 9 habitat variables indicated that percent grass and 
aggregate sapling height were most important (Figure 4-2).  However, when 
correlations with the axes were examined, elevation was the only variable that 
explained a large portion of the variability at the plot scale (Axis 1, r² = 0.57, Axis 
2, r² = 0.95) (Table 4-2).  Accordingly, elevation was detected as a differentiating 
characteristic between golden-winged warbler plots and blue-winged warbler 
plots.  All other variables were weakly correlated with the axes.  Ordination of the 
three groups showed some separation due to elevation (Figure 4-3). 
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Mixed Model analyses of variance identified 4 significant variables: slope, 
elevation, percent grass, and percent shrub (Table 4-3).  In areas where both 
species coexisted, blue-winged warblers occurred at lower elevations (Table 4-
4).  Golden-winged warblers that occurred in absence of blue-winged warblers 
were present at higher elevations (Table 4-4).  Golden-winged warblers in 
absence of blue-winged warblers occurred at higher elevations than golden-
winged warblers coexisting with blue-winged warblers (Table 4-4).   
In the absence of blue-winged warblers, a higher percentage of grass 
cover occurred in golden-winged warbler territories compared to either golden-
winged warbler or blue-winged warbler territories where the two coexisted (Table 
4-5).  There was no difference in grass cover between blue-winged warblers and 
coexisting golden-winged warblers (Table 4-5).   
Blue-winged warblers occurred on steeper slopes than coexisting golden-
winged warblers (Table 4-6).  In the absence of blue-winged warblers, golden-
winged warblers occurred on steeper slopes than where the two species 
coexisted (Table 4-6).  There was no difference in slope between the two species 
when they occurred independently (Table 4-6). 
In areas where the two species coexisted, golden-winged warblers 
occurred in higher shrub cover than golden-winged warblers in the absence of 
blue-winged warblers (Table 4-7).  There was no difference in shrub cover 
between blue-winged warblers and golden-winged warblers where they 
coexisted.   
Approximately 85% of golden-winged warbler plots occurred on slopes of 
48% or less.  Approximately 82% of mixed plots occurred on slopes of 40% or 
less (Figure 4-4).  Golden-winged warbler plots and mixed plots were 
concentrated on either northeast or southwest facing slopes (Figure 4-5).  
Approximately 75% of mixed plots occurred between 565 to 685 meters above 
MSL.  Golden-winged warbler plots occurred at both high and low elevations 
(Figure 4-6) and mostly at the higher elevations at sites with the blue-winged 
warbler (Figure 4-7).  The percentage of grass cover in each plot was evenly 
distributed between 0 and 100% for both golden-winged warbler and mixed plots 
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(Figure 4-8).  Both golden-winged warbler and mixed plots had similar 
percentages of forbs (Figure 4-9).  Approximately 60% of golden-winged warbler 
plots had less than 10% shrub cover (Figure 4-10).  Approximately 82% of all 
golden-winged warbler plots had less than 30% shrub cover.  Approximately 80% 
of mixed plots had less than 40% shrub cover.  The majority of golden-winged 
warbler and mixed plots had no trees.  Approximately 24% of golden-winged 
warbler plots and 19% of mixed plots had tree basal area values between 1 and 
4 m²/ha (Figure 4-11).  Approximately 81% of golden-winged warbler plots and 
84% of mixed plots had basal areas between 0 and 4 m²/ha.  Basal areas in this 
study were relatively low compared to sites in Tennessee and North Carolina 
where mean basal area of occupied sites was 10 m²/ha (Klaus and Buehler 
2001).  Approximately 85% of golden-winged warbler plots and 83% of mixed 
plots had aggregate sapling heights between 0 and 45 meters (Figure 4-12).  
Approximately 25% of golden-winged warbler and mixed plots had no seedlings 
present.  Approximately 87% of golden-winged warbler plots and 91% of mixed 
plots had between 0 and 30 seedlings (Figure 4-13). 
 According to Monte Carlo analyses for grass-like genera, 4 and 3 genera 
were indicators of golden-winged warbler sites and mixed sites, respectively 
(Table 4-8).  Orchard grass was the only grass that had a meaningful indicator 
value and was specific to golden-winged warbler sites.  Four forb-like genera 
were indicators of both golden-winged warbler sites and mixed sites (Table 4-9).  
Goldenrod and sericea lespedeza were the two forbs with meaningful indicator 
values and were indicative of mixed sites.  There were three shrub-like genera 
indicators for both golden-winged warbler sites and mixed sites (Table 4-10).  
Blackberry was the only important shrub indicator and was specific to mixed 
sites.  Three and 1 vine genera were indicators of golden-winged warbler sites 
and mixed sites, respectively (Table 4-11).  Clematis was the only genus that had 
a meaningful indicator value and was indicative of mixed sites.  One tree genera 
was an indicator for golden-winged warbler sites, however, it did not have a 
meaningful indicator value (Table 4-12).  No indicator trees were identified for 
mixed sites.  Three and 2 sapling genera were indicators of golden-winged 
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warbler sites and mixed sites, respectively (Table 4-13).  Ash and black locust 
had meaningful indicator values and these were specific to golden-winged 
warbler sites.  Three and 2 seedling genera were indicators of golden-winged 
warbler sites and mixed sites, respectively (Table 4-14).  Ash was the only 
meaningful indicator and was specific to golden-winged warbler sites. 
Discussion and Management Implications 
Elevation, percent grass cover, percent slope, and percent shrub cover 
differed between golden-winged warbler territories and blue-winged warbler 
territories (Table 4-3). 
While the golden-winged warbler occupied similar elevations as the blue-
winged warbler, it also occurred at higher elevations than the blue-winged 
warbler (Figure 4-6).  Confer and Knapp (1981) also reported the golden-winged 
warbler at higher elevations in absence of the blue-winged warbler.  However, 
few of these situations have been documented, and the blue-winged warbler has 
since expanded to higher elevations throughout its range (Canterbury et al. 1993, 
Gill 2004).  In Kentucky, the blue-winged warbler is largely absent from the 
region with high elevation golden-winged warbler sites (Fonde, Tower, and 
Coalgood) (Palmer-Ball 1996).  This was also true of the low elevation site near 
Williamsburg in Whitley County where only the golden-winged warbler occurred.  
However, in 2007, the blue-winged warbler expanded into the area (P. J. 
Hartman, University of Kentucky, personal communication).  This latter site is 
near Tennessee areas where the blue-winged warbler has been absent (L. P. 
Bulluck, University of Tennessee, Knoxville, personal communication).   
The sites without blue-winged warblers may be disconnected from the 
hybridization zone that supports both species elsewhere in the state.  Thus, 
elevation is likely not the sole characteristic that sets golden-winged warbler 
habitat apart.  However, elevation still may be important to consider because at 
sites where both species co-existed, the golden-winged warbler primarily was 
concentrated at higher elevations (Figure 4-7).       
Golden-winged warbler territories without the blue-winged warbler had 
higher percentages of grass cover.  A similar pattern was observed at nest sites 
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(Chapter 7).  Thus, in absence of the blue-winged warbler, the golden-winged 
warbler in Kentucky could be following the same patterns of occupying earlier 
successional habitats as others have observed elsewhere in its range (Confer 
and Knapp 1981, Canterbury et al. 1993).  However, grass cover in territories 
was primarily fescue, which can form a dense groundcover.  Dense ground cover 
can conceal higher densities of small predators (Orians and Wittenberger 1991, 
Dion et al. 2000).  Therefore, the golden-winged warbler may be at a 
disadvantage if it selects territories with more grass cover because nest 
predation may increase.  The golden-winged warbler may not have adapted to 
this type of exotic grass, or perhaps the blue-winged warbler is better at selecting 
habitat that will optimize nestling survival.  The mean percentage of grass cover 
where the golden-winged warbler occurred in Tennessee and North Carolina was 
relatively low; 2%, range 0 – 20 % (Klaus and Buehler 2001).   
Golden-winged warblers occurred on flatter slopes than coexisting blue-
winged warblers or where the golden-winged warbler occurred in absence of the 
blue-winged warbler.  Golden-winged warblers with blue-winged warblers 
occurred in greater shrub cover compared to the golden-winged warbler in 
absence of the blue-winged warbler.  This suggests that the golden-winged 
warbler may be forced into inferior habitat and thereby out-competed by the blue-
winged warbler.  Confer et al. (1991) suggested that the same scenario could be 
happening in New York where the golden-winged warbler established territories 
in the presence of the blue-winged warbler but in inferior habitat.  For example, a 
Kentucky male golden-winged warbler repeatedly interacted with an adjacent 
male blue-winged warbler at the Bigfoot site.  The golden-winged warbler’s 
territory occurred on a shrubby hillside that appeared to be too overcome with 
woody vegetation to be suitable.  The following breeding season, the blue-
winged warbler did not return, and the golden-winged warbler defended a 
territory where the blue-winged warbler had previously occurred.  Canterbury 
(2004) reported elevation and slope to be important habitat characteristics for 
golden-winged warbler density and nesting success in West Virginia.  Fitness 
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may be increased if steeper slopes allow songs to carry farther and birds are 
able to monitor and defend their territories more effectively (Bolsinger 2000).  
Black locust was an important sapling indicator for golden-winged warbler 
sites.  Golden-winged warblers were commonly observed foraging for caterpillars 
in these trees.  The black locust is subject to considerable insect damage (U.S. 
Department of Agriculture, Forest Service 1990), therefore it may be an important 
food source for the golden-winged warbler.  The black locust is a short-lived tree, 
as it is highly susceptible to disease (U.S. Department of Agriculture, Forest 
Service 1990, U.S. Department of Agriculture, Natural Resources Conservation 
Service 2007).  Black locust snags often occurred in territories, and golden-
winged warblers used them for song perches.  The black locust may benefit the 
golden-winged warbler in that continual regeneration contributes to the 
availability of early successional habitat on reclaimed mines, and they provide 
foraging and song perch opportunities.   
Klaus and Buehler (2001) observed orchard grass and blackberry in areas 
occupied by the golden-winged warbler, which were also prevalent in this study.  
Green ash, black locust, and alder (Alnus spp.) were prevalent at sites occupied 
by the golden-winged warbler in this study and in Michigan (Will 1986).  Genera 
indicative of mixed-species sites in this study were goldenrods, sericea 
lespedeza, blackberry, and clematis.  Other vegetation that was common in 
territories of both species included fescue and timothy grasses, morning glory, 
and maple. 
Although the golden-winged warbler may be a specialist (Confer and 
Knapp 1981) with respect to the successional stage of habitat it tolerates, it 
appears to be an opportunist when it selects areas to colonize.  As with the least 
tern (Sterna antillarum), the golden-winged warbler is adapted to seeking out 
disturbed, relatively simple habitat types.  Such disturbances can be the result of 
natural forces or caused by humans.  The least tern requires ephemeral, sandy 
beaches for nesting (U.S. Fish and Wildlife Service 1990).  Humans have 
destroyed breeding sites of the least tern, forcing the species to seek out 
alternate habitats such as sand-tailings associated with inland phosphate mines 
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(Maehr 1982) and flat roof-tops in Florida (Forys and Borboen-Abrams 2006).  
Similarly, where natural early successional habitat has been lost due to human 
induced extirpation of large ungulates, fire suppression, draining of swamps, and 
urbanization, the golden-winged warbler has adapted to power line rights-of-way, 
clear cuts, and reclaimed mine habitats.  This opportunistic behavior is an 
adaptive trait that helps it ameliorate the many factors causing its decline.  
Anthropogenic changes to the landscape originally facilitated secondary contact 
between the golden-winged warbler and blue-winged warbler (Confer 2006) and 
may continue to unite these species, however, it appears that the golden-winged 
warbler is capable of settling new areas of early successional habitat such as 
reclaimed mines in Kentucky. 
While it seems promising that the golden-winged warbler and blue-winged 
warbler use reclaimed mines and tolerate exotic species, productivity should be 
monitored to determine if mines are source or sink habitats (Pulliam 1988, 
Remes 2003).  Reclaimed mines may harbor more nest predators compared to 
other habitat types, and the effects of grazing by elk and free-ranging cows on 
nest success is unknown.  However, Ciuzio (2002) suggested that elk may help 
maintain shrub habitat, provided they are not overabundant.  Mining and land 
clearing may affect annual site fidelity of the golden-winged warbler.  The effects 
of these disturbances on productivity should be investigated to determine the 
value of reclaimed mines as breeding areas for the species. 
This study focused on utilization, not preference, of reclaimed mine habitat 
by the golden-winged warbler and blue-winged warbler in Kentucky.  Due to the 
cryptic nature of the species and inherently low densities, effort was directed 
toward territory mapping at distant study sites.  This made it unfeasible to sample 
unoccupied areas.  Consequently, because occupied habitat was not compared 
to available vacant habitat, habitat selection cannot be inferred (Thomas and 
Taylor 1990, Martin 1998).  Additionally, it is unclear at what stage of succession 
these sites are in with respect to golden-winged warbler utilization.  For example, 
blue-winged warblers were absent at the Bigfoot site during Golden-winged 
Warbler Atlas Surveys in 2003 (Cornell Lab of Ornithology 2003) but appeared in 
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2004 and increased in 2005 (Table 6-1).  The number of golden-winged warblers 
at the Begley sites (close to Bigfoot) decreased during this study (Table 6-1) 
while blue-winged warblers continued to increase even after this study in 2005 to 
2006 (P. J. Hartman, University of Kentucky, personal communication).  While a 
few of the golden-winged warblers likely failed to return to one of the sites due to 
heavy grazing by cattle, other areas may have advanced close to, or beyond a 
suitable stage for the golden-winged warbler, but are now optimal for the blue-
winged warbler.  Conversely, perhaps the golden-winged warbler is being 
replaced by the blue-winged warbler only a few years after the golden-winged 
warbler was reported in the area. 
Reclaimed mines should be targeted for management and future studies 
of the golden-winged warbler in Kentucky because of the extensive distribution of 
this habitat type and because succession is delayed over a longer period on 
reclaimed mines compared to forest openings and old fields (Burger 1999, 
DeVault et al. 2002).  A useful starting point for habitat management to benefit 
the golden-winged warbler without the blue-winged warbler is a combination of 
elevation and blue-winged warbler-free range.  In addition to blue-winged 
warbler-free sites, creation of suitable habitat for the golden-winged warbler 
should occur where both species co-exist.  Hybridization and interspecific 
dominance interactions differ regionally, and it is unknown whether the golden-
winged warbler will persist with the blue-winged warbler in Kentucky.  The 
golden-winged warbler may be a better colonizer than the blue-winged warbler in 
terms of identifying new areas to settle, but may be a poorer competitor, or less 
successful at identifying optimal habitat than the blue-winged warbler.  The blue-
winged warbler may use the golden-winged warbler to cue in on new areas to 
settle using heterospecific attraction.  Once there, the blue-winged warbler may 
adapt better and take advantage of clustered breeding and the ability to hybridize 
to increase fitness.  This could be a long-term effect or a short-term effect if the 
golden-winged warbler becomes better adapted to the new environment and 
becomes a better competitor.  Because the blue-winged warbler is also declining, 
land managers in Kentucky should take advantage of the opportunity to manage 
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for both species where they co-exist.  Manipulating habitat to attract the golden-
winged warbler will likely provide suitable habitat for both species. 
Based on the patterns revealed in this study, a mixture of grasses and 
forbs should be promoted to facilitate golden-winged warbler and blue-winged 
warbler occupation.  While heavy shrub cover should be discouraged, a minimal 
amount (<25% shrub cover) will help create the patchy habitat that these species 
appear to favor.  Habitat should be manipulated to include few to no trees, 
aggregate sapling heights up to 45 meters, and up to 30 seedlings per plot 
(Figures 4-11 and 4-12).   
The golden-winged warbler generally occurred on slopes of less than 48% 
and several occurred on slopes around 20%.  This is comparable to mean slope 
values for golden-winged warbler habitat in Tennessee and North Carolina of 25° 
(~ 44%) (Klaus and Buehler 2001).  The median aspect for golden-winged 
warbler occurrence in the latter study was 190 degrees (southwest), whereas the 
golden-winged warbler in this study occurred on multiple aspects (Figure 4-5).  
Management should be executed on the highest elevations of reclaimed mines to 
encourage golden-winged warbler occupancy. 
  Some sites exhibited signs of advancement to young forests, including 
midstory hardwood growth and heavy shrub cover.  In these areas, periodic 
prescribed burning will likely renew succession in areas that appear too 
advanced for the golden-winged warbler, or where the golden-winged warbler 
has failed to return.  Burns conducted during mid-January to mid-March will 
promote growth of herbaceous vegetation in the spring, will not destroy nests of 
breeding birds, and will increase insect abundance (Yarrow and Yarrow 1999). 
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Table 4-1. Comparison of stress values in real data compared to randomized 
data following the preliminary run of Nonmetric Multidimensional Scaling (NMS).  
Stress values indicate whether NMS is extracting stronger axes than by chance.   
The best solution to use in the final run of NMS ordination was 2 dimensional for 
plot data (top) and 1 dimensional for territory data (bottom).  The p value 
represents the proportion of randomized runs with stress less than or equal to 
observed stress. 
 
 
 
 Stress in real data (plots) 
50 runs 
Stress in randomized data 
Monte Carlo test, 50 runs 
Axes Minimum Mean Maximum Minimum Mean Maximum p 
1 16.418 48.933 57.655 44.794 48.266 57.654 0.0196
2 6.055 11.785 42.000 7.330 10.380 42.000 0.0196
3 4.679 4.797 5.458 4.752 4.914 5.399 0.0196
4 3.843 9.111 27.682 3.959 9.228 27.681 0.0196
5 3.237 17.502 24.197 3.380 19.631 24.197 0.0196
6 2.917 16.106 21.741 2.971 18.755 21.743 0.0196
 
 
 
 
 Stress in real data (territories) 
50 runs 
Stress in randomized data 
Monte Carlo test, 50 runs 
Axes Minimum Mean Maximum Minimum Mean Maximum p 
1 7.827 42.685 56.920 21.264 44.568 56.938 0.0196
2 3.596 4.876 40.824 3.596 5.685 40.883 0.0196
3 2.799 2.972 3.275 2.919 3.226 3.728 0.0196
4 2.232 2.389 2.758 2.324 2.666 3.286 0.0196
5 1.936 2.071 2.354 2.012 2.265 2.719 0.0196
6 1.710 1.852 2.086 1.706 1.967 2.476 0.0392
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Table 4-2. Pearson and Kendall Nonmetric Multidimensional Scaling correlations 
with ordination axes at the plot scale. 
 
 
N = 711 plots 
Axis 1 2 
 r r-sq Tau r r-sq tau 
% Slope -0.156 0.024 -0.101 -0.066 0.004 -0.035 
Aspect -0.026 0.001 -0.038 -0.054 0.003 -0.022 
Elev_m 0.757 0.573 0.605 -0.973 0.948 -0.891 
% Grass 0.023 0.001 0.012 0.117 0.014 0.056 
% Forb 0.042 0.002 0.046 -0.080 0.006 -0.018 
% Shrub -0.053 0.003 -0.039 -0.040 0.002 -0.050 
Tree_BA -0.062 0.004 -0.123 -0.085 0.007 -0.026 
Agg Sap Ht -0.312 0.097 -0.291 -0.263 0.069 -0.095 
No-Seeds -0.047 0.002 -0.027 -0.259 0.067 -0.153 
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Table 4-3. Test of fixed effects in Mixed Model analysis of variance. 
 
 
Variable F Value Pr > F 
Elevation 31.40 < 0.0001 
% Grass 7.65 0.0005 
Slope 6.32 0.0019 
% Shrub 4.23 0.0149 
Number of Seedlings 2.03 0.1323 
Aspect_HL 1.89 0.1526 
Aggregate Sapling Height 1.06 0.3482 
Tree Basal Area 1.06 0.3485 
% Forb 0.91 0.4043 
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Table 4-4. Mixed Models analysis of elevation.  Site types are designated as 0 = blue-winged warbler territories in areas 
with golden-winged warblers, 1 = golden-winged territories in areas with blue-winged warblers, and 2 = golden-winged 
warblers in areas without blue-winged warblers. 
 
 
 
Least Squares Means 
Effect 
Site 
Type Estimate
Standard 
Error DF t Value Pr > | t | Alpha Lower Upper 
Site Type 0 577.63 6.70 708 86.22 < 0.001 0.05 564.47 590.78
Site Type 1 629.21 6.13 708 102.68 < 0.001 0.05 617.18 641.24
Site Type 2 648.80 6.35 708 102.10 < 0.001 0.05 636.32 661.27
 
 
 
Pairwise Comparisons of Elevations of 3 Site Types 
Effect 
Site 
Type 
Site 
Type Estimate
Standard 
Error DF t Value Pr > | t | Alpha 
Site Type 0 2 -71.17 9.23 708 -7.71 < 0.001 0.05 
Site Type 0 1 -51.58 9.08 708 -5.68 < 0.001 0.05 
Site Type 2 1 19.59 8.83 708 2.22 0.027 0.05 
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Table 4-5. Mixed Models analysis of percent grass cover.  Site types are designated as 0 = blue-winged warbler territories 
in areas with golden-winged warblers, 1 = golden-winged territories in areas with blue-winged warblers, and 2 = golden-
winged warblers in areas without blue-winged warblers. 
 
 
 
Least Squares Means 
Effect 
Site 
Type Estimate
Standard 
Error DF t Value Pr > | t | Alpha Lower Upper 
Site Type 0 0.37 0.02 708 19.52 < 0.001 0.05 0.33 0.40 
Site Type 1 0.38 0.02 708 22.18 < 0.001 0.05 0.35 0.42 
Site Type 2 0.46 0.02 708 25.77 < 0.001 0.05 0.42 0.50 
 
 
 
Pairwise Comparisons of Percent Grass Cover of 3 Site Types 
Effect 
Site 
Type 
Site 
Type Estimate
Standard 
Error DF t Value Pr > | t | Alpha 
Site Type 0 2 -0.09 0.03 708 -3.57 0.0004 0.05 
Site Type 0 1 -0.01 0.03 708 -0.57 < 0.572 0.05 
Site Type 2 1 0.08 0.02 708 3.15 0.002 0.05 
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Table 4-6. Mixed Models analysis of percent slope.  Site types are designated as 0 = blue-winged warbler territories in 
areas with golden-winged warblers, 1 = golden-winged territories in areas with blue-winged warblers, and 2 = golden-
winged warblers in areas without blue-winged warblers. 
 
 
 
Least Squares Means 
Effect 
Site 
Type Estimate
Standard 
Error DF t Value Pr > | t | Alpha Lower Upper 
Site Type 0 0.25 0.01 708 18.73 < 0.001 0.05 0.23 0.28 
Site Type 1 0.21 0.01 708 17.02 < 0.001 0.05 0.19 0.23 
Site Type 2 0.27 0.01 708 21.23 < 0.001 0.05 0.25 0.30 
 
 
 
Pairwise Comparisons of Percent Slope of 3 Site Types 
Effect 
Site 
Type 
Site 
Type Estimate
Standard 
Error DF t Value Pr > | t | Alpha 
Site Type 0 2 -0.02 0.02 708 -1.02 0.308 0.05 
Site Type 0 1 0.04 0.02 708 2.33  0.020 0.05 
Site Type 2 1 0.06 0.02 708 3.46 0.001 0.05 
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Table 4-7. Mixed Models analysis of percent shrub cover.  Site types are designated as 0 = blue-winged warbler 
territories in areas with golden-winged warblers, 1 = golden-winged territories in areas with blue-winged warblers, and 2 
= golden-winged warblers in areas without blue-winged warblers. 
 
 
 
Least Squares Means 
Effect 
Site 
Type Estimate
Standard 
Error DF t Value Pr > | t | Alpha Lower Upper 
Site Type 0 0.21 0.02 708 12.55 < 0.001 0.05 0.18 0.25 
Site Type 1 0.24 0.02 708 15.48 < 0.001 0.05 0.21 0.27 
Site Type 2 0.18 0.02 708 10.89 < 0.001 0.05 0.14 0.21 
 
 
 
Pairwise Comparisons of Percent Shrub Cover of 3 Site Types 
Effect 
Site 
Type 
Site 
Type Estimate
Standard 
Error DF t Value Pr > | t | Alpha 
Site Type 0 2 0.04 0.02 708 1.61 0.108 0.05 
Site Type 0 1 -0.03 0.02 708 -1.19  0.236 0.05 
Site Type 2 1 -0.07 0.02 708 2.90 0.004 0.05 
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Table 4-8. Indicator species analysis using Monte Carlo randomizations to test 
significance of observed maximum indicator values for grass-like vegetation 
grouped by genus.  Golden-winged warbler sites are designated by Maxgroup 1 and 
mixed sites are Maxgroup 2.  Shaded area specifies significant indicators at p < 
0.01. 
 
        
  
IV from 
randomized 
groups  
Genus Maxgroup
Observed Indicator 
Value (IV) Mean S.Dev p-value 
Brome 1 14.6 3.2 0.66 0.0010 
Mary’s Grass 1 8.0 4.3 0.72 0.0040 
Orchard Grass 1 33.0 28.7 1.57 0.0090 
Dropseed 1 7.9 4.8 0.79 0.0090 
Low Panic Grass 2 12.2 7.1 0.92 0.0010 
Broom-sedge 2 8.9 4.6 0.76 0.0020 
Common Oat 2 13.4 9.2 1.04 0.0030 
Purpletop 1 2.8 1.6 0.47 0.0350 
Timothy Grass 2 22.7 20.0 1.43 0.0430 
Cat-tail 1 1.5 0.7 0.29 0.0480 
Panic Grass 1 1.9 1.2 0.39 0.0980 
Rush 2 4.3 3.9 0.70 0.2890 
Indian Grass 1 0.4 0.3 0.10 0.3380 
Nutrush 1 0.6 0.6 0.25 0.6030 
Flatsedge 2 0.8 0.8 0.33 0.6720 
Love Grass 2 0.6 0.7 0.30 0.7030 
Blue Grass 2 4.8 5.2 0.80 0.7050 
Bulrush 2 1.4 1.7 0.47 0.8090 
Caric Sedge 1 0.5 0.7 0.28 1.0000 
Oat Grass 1 0.3 0.4 0.17 1.0000 
Fescue 2 44.2 45.1 1.63 1.0000 
      
  56
Table 4-9. Indicator species analysis using Monte Carlo randomizations to test significance of 
observed maximum indicator values for forb-like vegetation grouped by genus.  Golden-winged 
warbler sites are designated by Maxgroup 1 and mixed sites are Maxgroup 2.  Shaded area 
specifies significant indicators at p < 0.01. 
 
        
  
IV from randomized 
groups  
Genus Maxgroup 
Observed 
Indicator Value 
(IV) Mean S.Dev p-value 
Touch-me-not 1 6.4 2.1 0.53 0.0010 
Pokeweed 1 10.2 6.3 0.86 0.0020 
Lettuce 1 7.6 4.2 0.72 0.0030 
False Nettle 1 2.7 1.0 0.36 0.0060 
Fleabane 2 11.5 5.8 0.85 0.0010 
Thistle 2 4.7 2.2 0.53 0.0050 
Lespedeza 2 47.0 43.6 1.64 0.0050 
Yarrow 2 6.7 4.2 0.73 0.0090 
Goldenrod 2 46.1 43.5 1.63 0.0090 
Nightshade 1 2.8 1.3 0.40 0.0110 
Wingstem 1 1.7 0.6 0.26 0.0160 
Aster 1 5.6 3.6 0.67 0.0210 
Burnweed / Fireweed 2 3.2 1.9 0.51 0.0210 
Onion 1 2.1 1.0 0.36 0.0220 
Pencilflower 1 3.2 1.7 0.47 0.0230 
Dogbane 1 2.1 1.0 0.34 0.0230 
Yucca 1 1.3 0.5 0.26 0.0350 
Sowthistle 2 2.5 1.3 0.44 0.0360 
Chicory 1 1.3 0.5 0.27 0.0410 
Bedstraw 2 3.5 2.3 0.59 0.0570 
Crownvetch 2 1.7 1.0 0.36 0.0630 
Sage 2 1.9 1.0 0.38 0.0690 
Alfalfa / Black Medic 1 3.2 2.1 0.55 0.0790 
Sweetclover 1 10.7 9.1 1.05 0.0930 
Christmas Fern 2 4.4 3.4 0.63 0.1010 
Coltsfoot 1 0.8 0.4 0.17 0.1080 
Dock 1 1.1 0.6 0.25 0.1120 
Desmodium / Ticktrefoil 2 3.6 2.8 0.61 0.1190 
Smartweed 1 3.2 2.4 0.57 0.1220 
Cinquefoil 1 3.4 2.7 0.60 0.1280 
Ragweed 2 8.7 7.7 0.95 0.1290 
Clover 2 7.6 6.9 0.92 0.1960 
Mountainmint 1 0.7 0.5 0.26 0.2260 
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Table 4-9. Continued.     
        
  
IV from randomized 
groups  
Genus Maxgroup 
Observed 
Indicator Value 
(IV) Mean S.Dev p-value 
Alumroot 1 1.2 0.9 0.33 0.2390 
Milkweed 2 1.2 1.0 0.37 0.2790 
Spleenwort 2 0.8 0.6 0.26 0.3010 
Sandwort 2 0.8 0.6 0.25 0.3050 
Maidenhair Fern 1 0.4 0.3 0.10 0.3430 
Ladyfern 1 0.4 0.3 0.10 0.3430 
St. Johnswort 1 0.4 0.3 0.10 0.3470 
Pigweed 1 0.4 0.3 0.10 0.3550 
Goosefoot 1 0.4 0.3 0.10 0.3560 
Ironweed 1 1.1 1.0 0.34 0.4540 
Bird’s-foot Trefoil 1 2.4 2.4 0.55 0.5250 
Pink 2 0.4 0.4 0.16 0.5280 
Coneflower 2 0.4 0.4 0.16 0.5370 
Dessert-chicory 2 0.4 0.4 0.17 0.5380 
Daisy 2 0.4 0.4 0.17 0.5560 
Venus’ Looking-glass 2 0.4 0.4 0.17 0.5560 
Plantain 2 0.4 0.4 0.17 0.5710 
Strawberry 1 1.4 1.6 0.47 0.6120 
Wild Carrot 2 3.6 3.9 0.70 0.6220 
Loosestrife 2 0.9 1.1 0.41 0.7230 
Vetch 2 0.8 1.0 0.36 0.7280 
Anemone / Windflower 1 0.3 0.4 0.16 1.0000 
Dogfennel / Joe-pye-weed 1 3.3 4.1 0.74 1.0000 
Mayflower / Solomon’s Seal 1 0.3 0.4 0.17 1.0000 
Nettle 1 0.3 0.4 0.17 1.0000 
Violet 1 0.7 1.0 0.33 1.0000 
Agrimony 2 0.2 0.3 0.10 1.0000 
Beggarticks 2 0.2 0.3 0.10 1.0000 
Horsebalm 2 0.4 0.6 0.25 1.0000 
Beebalm 2 0.2 0.3 0.10 1.0000 
Butterbur / Coltsfoot 2 0.2 0.3 0.10 1.0000 
Clearweed 2 0.2 0.3 0.10 1.0000 
Juniper Leaf / Polypremum 2 0.2 0.3 0.10 1.0000 
Snakeroot 2 0.2 0.3 0.10 1.0000 
Blue-eyed Grass 2 0.2 0.3 0.10 1.0000 
Trillium 2 0.2 0.3 0.10 1.0000 
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Table 4-10. Indicator species analysis using Monte Carlo randomizations to test 
significance of observed maximum indicator values for shrub-like vegetation grouped by 
genus.  Golden-winged warbler sites are designated by Maxgroup 1 and mixed sites are 
Maxgroup 2.  Shaded area specifies significant indicators at p < 0.01. 
 
        
  
IV from 
randomized 
groups  
Genus Maxgroup
Observed Indicator 
Value (IV) Mean S.Dev p-value
Hydrangea 1 8.3 2.6 0.57 0.0010 
Knotweed 1 3.3 1.0 0.35 0.0010 
Autumn Olive 1 11.7 7.7 0.94 0.0070 
Lespedeza Shrub 2 7.3 3.6 0.65 0.0010 
Blackberry / Raspberry 2 42.7 37.6 1.63 0.0020 
Rose 2 12.9 9.2 1.02 0.0060 
Poison Ivy 1 2.0 1.1 0.39 0.0450 
Sumac 2 2.9 1.9 0.52 0.0540 
Blueberry 2 1.3 0.8 0.33 0.1900 
Elderberry 2 1.1 1.3 0.43 0.7870 
Willow 2 0.2 0.3 0.10 1.0000 
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Table 4-11. Indicator species analysis using Monte Carlo randomizations to test significance of 
observed maximum indicator values for vines grouped by genus.  Golden-winged warbler sites 
are designated by Maxgroup 1 and mixed sites are Maxgroup 2.  Shaded area specifies 
significant indicators at p < 0.01. 
 
        
  
IV from 
randomized 
groups  
Genus Maxgroup 
Observed Indicator 
Value (IV) Mean S.Dev p-value 
Hogpeanut 1 3.8 1.3 0.45 0.0010 
Bindweed 1 8.4 2.0 0.49 0.0010 
Honeysuckle 1 4.4 1.9 0.51 0.0050 
Clematis / Leatherflower 2 28.2 21.7 1.48 0.0030 
Catbrier / Greenbrier 2 4.9 3.6 0.62 0.0420 
Morning-glory 2 12.2 10.9 1.12 0.1310 
Virginia Creeper 2 8.9 8.2 1.02 0.2170 
Poison Ivy 1 3.0 3.6 0.69 0.8570 
Yam 2 0.2 0.5 0.26 1.0000 
Clustervine / Jacquemontia 2 0.2 0.3 0.10 1.0000 
Grape 2 4.5 5.4 0.84 1.0000 
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Table 4-12. Indicator species analysis using Monte Carlo randomizations to test 
significance of observed maximum indicator values for trees grouped by genus.  Golden-
winged warbler sites are designated by Maxgroup 1 and mixed sites are Maxgroup 2.  
Shaded area specifies significant indicators at p < 0.01. 
 
        
  
IV from 
randomized 
groups  
Genus Maxgroup
Observed Indicator 
Value (IV) Mean S.Dev p-value 
Locust 1 22.2 15.7 1.25 0.0010 
Ash 1 1.7 0.6 0.25 0.0110 
Alder 1 1.3 0.5 0.26 0.0370 
Pine 2 3.7 3.0 0.59 0.1410 
Sassafras 1 0.7 0.5 0.25 0.2440 
Maple 2 3.0 3.0 0.62 0.5480 
Redbud 2 0.4 0.4 0.16 0.5660 
Birch 2 0.4 0.4 0.17 0.5780 
Yellow Poplar 1 2.1 2.2 0.5 0.6570 
Cherry / Plum 2 0.6 0.7 0.29 0.6720 
Tree of Heaven 1 0.5 0.7 0.27 1.0000 
Sweetgum 1 0.3 0.4 0.17 1.0000 
Hickory 2 0.2 0.3 0.10 1.0000 
Magnolia 2 0.2 0.3 0.10 1.0000 
Paulownia 2 0.4 0.6 0.29 1.0000 
American Sycamore 2 0.4 0.6 0.26 1.0000 
Oak 2 0.2 0.3 0.10 1.0000 
Willow 2 0.2 0.3 0.10 1.0000 
Elm 2 0.2 0.3 0.10 1.0000 
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Table 4-13. Indicator species analysis using Monte Carlo randomizations to test 
significance of observed maximum indicator values for saplings grouped by genus.  
Golden-winged warbler sites are designated by Maxgroup 1 and mixed sites are 
Maxgroup 2.  Shaded area specifies significant indicators at p < 0.01. 
 
        
  
IV from 
randomized 
groups  
Genus Maxgroup
Observed Indicator 
Value (IV) Mean S.Dev p-value 
Alder 1 4.6 1.3 0.42 0.0010 
Ash 1 35.5 10.3 1.11 0.0010 
Locust 1 33.2 27.1 1.53 0.0010 
Sourwood 2 11.3 6.9 0.92 0.0010 
Birch 2 2.8 1.4 0.38 0.0060 
Juniper / Red-cedar 2 3.6 2.0 0.51 0.0210 
Oak 1 3.2 1.9 0.52 0.0330 
Cherry / Plum 1 4.9 3.4 0.67 0.0480 
Redbud 1 2.4 1.5 0.46 0.0640 
American Sycamore 2 2.0 1.3 0.43 0.1120 
Sumac 2 2.3 1.7 0.50 0.1210 
Dogwood 2 1.1 0.7 0.31 0.1670 
Elm 1 3.0 2.7 0.60 0.2630 
Black Gum 2 1.2 1.0 0.35 0.2750 
Willow 1 0.9 0.7 0.28 0.3110 
Sassafras 2 2.3 2.0 0.51 0.3210 
Buckeye 1 0.4 0.3 0.10 0.3230 
American Beech 2 1.0 0.9 0.33 0.4380 
Cottonwood 2 0.4 0.4 0.17 0.5390 
Crabapple 2 0.4 0.4 0.16 0.5430 
Maple 1 23.3 23.8 1.51 0.5940 
Pine 2 3.6 4.2 0.75 0.7900 
Tree of Heaven 2 4.2 4.9 0.80 0.8820 
Sweetgum 1 0.5 0.7 0.28 1.0000 
Yellow Poplar 1 6.5 7.6 0.96 1.0000 
Paulownia 1 0.3 0.4 0.16 1.0000 
Hickory 2 0.2 0.3 0.10 1.0000 
Hawthorn 2 0.2 0.3 0.10 1.0000 
Persimmon 2 0.2 0.3 0.10 1.0000 
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Table 4-14. Indicator species analysis using Monte Carlo randomizations to test 
significance of observed maximum indicator values for seedlings grouped by genus.  
Golden-winged warbler sites are designated by Maxgroup 1 and mixed sites are 
Maxgroup 2.  Shaded area specifies significant indicators at p < 0.01. 
 
        
  
IV from 
randomized 
groups  
Genus Maxgroup
Observed Indicator 
Value (IV) Mean S.Dev 
p-
value 
Ash 1 37.0 11.1 1.13 0.0010
Elm 1 5.7 2.9 0.61 0.0020
Alder 1 2.1 0.7 0.29 0.0060
Sweetgum 2 9.4 5.1 0.80 0.0010
Locust 2 22.4 17.8 1.36 0.0030
Pine 2 3.5 2.2 0.50 0.0140
Sassafras 2 2.9 1.9 0.49 0.0460
Willow 1 0.9 0.6 0.26 0.1000
Juniper / Red-cedar 2 1.5 0.9 0.35 0.1020
Redbud 1 1.3 0.8 0.35 0.1030
Sumac 2 2.7 2.2 0.50 0.1670
American Sycamore 2 1.1 0.7 0.30 0.1800
Tree of Heaven 2 5.1 4.5 0.77 0.1820
Maple 1 28.7 28.0 1.63 0.2560
Black Gum 2 0.8 0.6 0.25 0.2910
Walnut 1 0.4 0.3 0.09 0.2990
Buckeye 1 0.4 0.3 0.10 0.3320
Paulownia 1 0.4 0.3 0.10 0.3580
Cherry / Plum 1 1.9 1.9 0.51 0.4530
Oak 1 2.3 2.4 0.57 0.4660
Yellow Poplar 1 6.9 7.0 0.91 0.5350
Sweetgum 2 0.4 0.4 0.17 0.5540
American Beech 2 0.4 0.4 0.17 0.5600
Birch 2 0.4 0.4 0.17 0.5660
Serviceberry 2 0.2 0.3 0.10 1.0000
Hickory 2 0.4 0.6 0.26 1.0000
Hawthorn 2 0.2 0.3 0.10 1.0000
Crabapple 2 0.2 0.3 0.10 1.0000
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Figure 4-1.  Correlation graphs for percent shrub cover, vegetation density and 
obstruction (Robel), and shrub height.  Robel density and percent shrub were 
correlated (r = 0.60115), as were Robel density and shrub height (r = 0.47420), 
and shrub height and percent shrub cover (r = 0.74745). 
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Figure 4-2. Nonmetric Multidimensional Scaling ordination of nine habitat 
variables at the plot scale.  Variables further away from the center of the axes 
explain a greater amount of variation.  Aggregate sapling height and percent 
grass cover appear to be important due to distance from the center of each axis, 
however elevation was the only important variable identified when direct 
correlations with axes (Table 4-2) were examined. 
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Figure 4-3. Nonmetric Multidimensional Scaling ordination of sampling plots 
where 0 = plots in blue-winged warbler territories, 1 = plots in golden-winged 
warbler territories near blue-winged warblers, and 2 = plots in golden-winged 
warbler territories where blue-winged warblers were absent.  Outlying plots are 
primarily a factor of elevation and aggregate sapling height. 
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Figure 4-4. Relative distribution of slope categories at golden-winged warbler 
sites and mixed sites. 
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Figure 4-5. Relative distribution of aspect (transformed to Heat Load Index) 
categories at golden-winged warbler sites and mixed sites.  Values near 0 are 
cooler than values near 1. 
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Figure 4-6. Relative distribution of elevation categories at golden-winged warbler 
sites and mixed sites. 
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Figure 4-7. Relative distribution of elevation for golden-winged warblers (GW) 
and blue-winged warblers (BW) at sites where both species co-existed. 
 
 
0
5
10
15
20
25
30
35
40
45
460 505 550 595 640 685 730
Elevation (m)
P
lo
t F
re
qu
en
cy
GW
BW
 
 
 
 
 
 
 
 
 
 
 
 
 
  70
Figure 4-8. Relative distribution of the percentage of grass-like vegetation 
present at golden-winged warbler sites and mixed sites. 
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Figure 4-9. Relative distribution of the percentage of forbs present at golden-
winged warbler sites and mixed sites. 
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Figure 4-10. Relative distribution of the percentage of shrubs present at golden-
winged warbler sites and mixed sites. 
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Figure 4-11. Relative distribution of tree basal area at golden-winged warbler 
sites and mixed sites. 
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Figure 4-12. Relative distribution of aggregate sapling height at golden-winged 
warbler sites and mixed sites. 
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Figure 4-13. Relative distribution of number of seedlings per sampling plot at 
golden-winged warbler sites and mixed sites. 
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CHAPTER 5: THE AVIAN COMMUNITY ON RECLAIMED MINES IN 
SOUTHEASTERN KENTUCKY 
 
Introduction 
Reclaimed mines are recognized as important avian habitat (Chapman et 
al. 1978, Rich et al. 2004) because several grassland bird species are imperiled 
and of high conservation interest (DeVault et al. 2002, Scott et al. 2002, Lacki et 
al. 2004, Mattice et al. 2005).  For example, reclaimed mines support nesting 
Henslow’s sparrows in Indiana (Bajema et al. 2001), Pennsylvania (Mattice et al. 
2005), and Kentucky (Monroe and Ritchison 2005).  The grasshopper sparrow 
was abundant on reclaimed mines in Indiana (DeVault et al. 2002) as was the 
savannah sparrow (Passerculus sandwichensis) in Pennsylvania (Mattice et al. 
2005).  The cerulean warbler (Dendroica cerulean), typically considered a forest 
interior species (Robbins et al. 1992), has used forest edges near reclaimed 
mines in West Virginia (Wood et al. 2006).   
Although the golden-winged warbler has colonized southern and eastern 
Kentucky, it has not been documented on systematic surveys conducted by 
KDFWR (S. Vorisek, Kentucky Department of Fish and Wildlife Resources, 
personal communication).  KDFWR documented all but one golden-winged 
warbler on reclaimed mines during the Golden-winged Warbler Atlas Project, 
even though old fields, power line rights-of-way and forest openings were 
surveyed (Cornell Lab of Ornithology 2003, Patton et al. 2004).   
Individuals in populations do not interact solely with conspecifics, rather, 
they influence and are influenced by other species.  These can be predators, 
nest parasites, competitors, or facilitators.  Thus, it is important to understand 
how the golden-winged warbler fits into the complex web of interactions that are 
a part of the reclaimed grassland community. 
Point counts can be used to provide descriptive data of avian communities 
such as species richness and diversity (Nur et al. 1999).  Relative abundance, 
population trends, and habitat associations can be measured using fixed 
distance point counts (Nur et al. 1999).  Point counts were used to (1) measure 
species richness, relative abundance, and avian diversity on reclaimed mines in 
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southeastern Kentucky; and (2) identify bird species associated with the golden-
winged warbler. 
Materials and Methods 
Avian communities were surveyed using modified fixed-radius point 
counts (Hutto et al. 1986, Savard and Hooper 1995, Hamel et al. 1996) at each 
study site within areas occupied by resident golden-winged warblers and blue-
winged warblers.  The number of point counts at each site depended on the size 
of the area occupied by golden-winged warblers and blue-winged warblers 
(Table 5-1).  Point counts were separated by at least 250 m (Ralph et al. 1995), 
and recorded with a GPS.  Birds were recorded at 0-25 m, 25-50 m, 50-100 m, 
and >100 m intervals.  Detections within 100 m of the observer were used in 
analyses.  Flyovers were not. 
Point counts were conducted from sunrise to approximately 10:00 am 
(Robbins 1981, Ralph et al. 1993).  Counts began following a one-minute pause 
after arriving at the site, and lasted 10 minutes (Savard and Hooper 1995, Hamel 
et al. 1996).  Counts were not conducted on windy or rainy days (Ralph et al. 
1993).  Each point was visited twice per season (Petit et al. 1995) from 16 May to 
15 June in 2004, and 25 May to 11 June in 2005. 
Birds were identified by sight or song.  Each singing golden-winged 
warbler or blue-winged warbler was located and identity (i.e., species or hybrid) 
confirmed by sight.  Three people who were proficient in identifying birds by sight 
and song conducted surveys in 2004, and 2 in 2005.   
 Relative abundance, species richness, species diversity (H’), and 
evenness (J’) on sites where the golden-winged warbler occurred in absence of 
the blue-winged warbler were compared to sites where both species occurred 
(mixed sites).  Relative abundance was calculated using the total number of 
individuals detected (Nur et al. 1999).  Species richness was the cumulative 
number of species present in each site type (Nur et al. 1999).  Student’s t-tests 
were used to test for differences in species richness between territories at 
golden-winged warbler only sites and mixed sites.  Species diversity was 
calculated using the Shannon-Weaver index (Nur et al. 1999).  Jaccard (Cj), 
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Sorenson qualitative (Cs), and Renkonen (P) indices were computed to compare 
community similarity between golden-winged warbler sites and mixed sites (Nur 
et al. 1999).  The Jaccard and Sorenson indices can be used with 
presence/absence data, whereas the Renkonen index is a quantitative measure 
that accounts for the differences in abundance among species between groups 
(Nur et al. 1999). 
Student’s t-tests were used to test for differences (p < 0.05) in the number 
of golden-winged warblers detected on point counts within the following 3 time 
periods: (1) 16 May to 23 May versus 24 May to 31 May, (2) 16 May to 31 May 
versus 1 June to 11 June, and 3) 22 May to 5 June versus 6 June to 11 June.  
These time periods were compared to determine the best time to complete point 
counts with respect to the number of golden-winged warbler detections.  KDFWR 
conducts statewide point counts from approximately 22 May to 19 June annually, 
and information was needed to determine whether the golden-winged warbler 
could be detected equally throughout this time period, or if point counts should be 
conducted early in the sampling period.   
Results 
The total number of individual birds of all species detected on point counts 
at golden-winged warbler study sites was 261 in 2004 and 395 in 2005 (common 
and scientific names are listed in Appendix E).  At mixed study sites, 446 
individuals were detected in 2004 and 594 in 2005.  Golden-winged warblers 
were detected on 6 out of 11 point counts in 2004 and 12 out of 15 point counts 
in 2005 at golden-winged warbler sites.  At mixed sites, golden-winged warblers 
were detected on 8 out of 13 point counts in 2004 and 9 out of 20 point counts in 
2005.  Blue-winged warblers were detected on 5 out of 13 point counts in 2004 
and 11 out of 20 point counts in 2005. 
There was no difference in the number of golden-winged warblers 
detected in 2004 versus 2005 (p = 0.294).  Therefore, the number of golden-
winged warblers detected on each point count was pooled across years.  There 
was no difference in the number of golden-winged warblers detected on point 
  79
counts in early versus late May (p = 0.863), May versus June (p = 0.825), or 22 
May to 5 June versus those conducted from 6 June to 11 June (p = 0.929).  
 The most abundant species at golden-winged warbler sites were the 
indigo bunting, yellow-breasted chat (Icteria virens), red-eyed vireo (Vireo 
olivaceus), field sparrow, northern cardinal (Cardinalis cardinalis), common 
yellowthroat (Geothlypis trichas), and eastern towhee (Pipilo erythrophthalmus) 
(Table 5-2).  The most abundant species at mixed sites were the indigo bunting, 
field sparrow, yellow-breasted chat, common yellowthroat, prairie warbler 
(Dendroica discolor), eastern towhee, and grasshopper sparrow (Table 5-3).   
Species that occurred on at least 70% of point counts at golden-winged 
warbler sites in one or both years included the indigo bunting, common 
yellowthroat, red-eyed vireo, yellow-breasted chat, golden-winged warbler, field 
sparrow, northern cardinal, and eastern towhee (Table 5-4).  Species which 
occurred on at least 70% of point counts at mixed sites in one or both years 
included the field sparrow, indigo bunting, yellow-breasted chat, blue-gray 
gnatcatcher (Polioptila caerulea), eastern towhee, common yellowthroat, 
Carolina wren (Thryothorus ludovicianus), and red-eyed vireo (Table 5-5).  The 
brown-headed cowbird was rare on point counts and incidental observations; a 
total of 4 were observed over both years.   
 A total of 34 species were detected on point counts at golden-winged 
warbler sites and 42 species were detected at mixed sites in 2004.  Total species 
richness per point count was higher (p = 0.005) at mixed sites (x¯ = 15.7) than at 
golden-winged warbler sites (x¯ = 11.8). 
 In 2005, 41 species were detected on point counts at golden-winged 
warbler sites and 47 species were detected at mixed sites.  Total species 
richness per point count was higher (p = 0.014) at mixed sites (x¯ = 14.4) than at 
golden-winged warbler sites (x¯ = 12.3). 
Fifty-nine bird species were identified on all study sites combined.  The 
number of species detected within and beyond 100 m was 62, and included the 
barred owl (Strix varia), eastern wood-pewee (Contopus virens), and wild turkey 
(Meleagris gallopavo).  Avian communities were relatively diverse at golden-
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winged warbler sites (H’ = 2.859 in 2004 and 3.103 in 2005) and mixed sites (H’ 
= 3.077 in 2004 and 3.113 in 2005).  Individuals were distributed relatively evenly 
among species at golden-winged warbler sites (J’ = 0.81) and mixed sites (J’ = 
0.82) in 2004.  Similarly, in 2005 individuals were evenly distributed among 
species at golden-winged warbler sites (J’ = 0.84) and mixed sites (J’ = 0.81). 
Community similarity indices all indicated relatively high overlap of species 
composition between golden-winged warbler sites and mixed sites in 2004 (Cj = 
0.583, Cs = 0.737, P = 0.757) or 2005 (Cj = 0.660, Cs = 0.795, P = 0.667). 
Discussion and Management Implications 
The golden-winged warbler shares eastern Kentucky reclaimed mine sites 
with a diverse bird community that is typical of woodland edges and grasslands.  
The association of the golden-winged warbler with forest edges is consistent with 
the occurrence of woodland species such as the chestnut-sided warbler 
(Dendroica pensylvanica), cerulean warbler, hooded warbler (Wilsonia citrine), 
black-throated green warbler, black-and-white warbler (Mniotilta varia), scarlet 
tanager (Piranga olivacea), ovenbird (Seiurus aurocapillus), and red-eyed vireo.   
Early successional species associated with the golden-winged warbler 
included the indigo bunting, common yellowthroat, yellow-breasted chat, eastern 
towhee, field sparrow, and prairie warbler.  This diverse bird community includes 
imperiled species that are on the decline elsewhere (Brennan and Kuvlesky 
2005).  The yellow-breasted chat and eastern towhee are declining in the 
northeast (Greenlaw 1996, Eckerle and Thompson 2001), but were among the 
most prevalent species on reclaimed mines in southeastern Kentucky.  The 
grasshopper sparrow is declining throughout its range (Brennan and Kuvlesky 
2005), but was fairly common in this study.  DeVault et al. (2002) found 
grasshopper sparrows at > 90% of point counts on reclaimed mines in Indiana.   
Game birds including the northern bobwhite quail (Colinus virginianus), 
ruffed grouse (Bonasa umbellus), and wild turkey were recorded on point counts 
> 100 m, and were commonly heard or flushed during field activities.  DeVault et 
al. (2002) documented bobwhite quail at 100% of point counts on reclaimed 
mines in Indiana.  This species is declining steeply regionally, and reclaimed 
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mines may offer opportunities for management.  Land managers in Kentucky 
have opportunities to improve conditions for the golden-winged warbler and other 
members of this regionally novel community. 
While it is encouraging that imperiled species were detected on point 
counts, research should be conducted to determine whether reclaimed mines in 
Kentucky support source or sink populations.  Productivity of forest birds may 
decrease the closer they occur to forest edges (Manolis et al. 2002).  Wood et al. 
(2006) found that the cerulean warbler occupied forest edges on reclaimed 
mines, but its abundance increased farther into the forest.  Nest predation is also 
likely higher on nests located near forest edges for both forest and grassland 
species (Paton 1994, Winter et al. 2000, Manolis et al. 2002).  Wray et al. (1982) 
documented low nest success of grasshopper sparrows, savannah sparrows, 
and vesper sparrows (Pooecetes gramineus) in West Virginia, presumably due to 
predation by northern black racers (Coluber constrictor constrictor) and crows 
(Corvus brachyrhynchos). 
The brown-headed cowbird was rare on reclaimed mines in Indiana 
(DeVault et al. 2002), and was not recorded during a recent 2-year study on the 
yellow-breasted chat on reclaimed mines in eastern Kentucky (Ciuzio 2002).  
Considering the low relative abundance of the brown-headed cowbird on 
reclaimed mines in other studies as well as this one, nest parasitism by the 
cowbird may be low.   
Cattle were present at 4 sites during this study.  In 2005, golden-winged 
warblers did not return to a site where cattle had grazed the vegetation to ground 
level.  Where grazing pressure changes the structure of reclaimed sites, negative 
impacts to the golden-winged warbler should be anticipated (Fleischner 1994).  
Consequently, cattle grazing should be discouraged to avoid destruction of 
herbaceous vegetation and attraction of brown-headed cowbirds.   
The establishment of permanent point count routes on reclaimed mines in 
southeastern Kentucky will augment state and regional avian community data, 
provide baseline data for monitoring population trends and diversity on reclaimed 
mines, and may identify opportunities for management of high priority species.  
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The golden-winged warbler is a species that is not well represented on Breeding 
Bird Surveys (Donovan et al. 2002).  Additional survey coverage will contribute to 
avian monitoring in the region and help document the patterns of local golden-
winged warbler increases that have occurred in eastern Kentucky.   
In conclusion, reclaimed mines in Kentucky and other regions support 
diverse communities of grassland and edge-adapted species.  Lacki et al. (2004) 
observed 110 resident and migratory bird species on reclaimed mines over a 6 
year study in Indiana.  The same study documented the movement of several 
grassland species onto reclaimed mines after reclamation was completed.  
Reclaimed mines are appealing for conservation of early successional bird 
species because of the slow rate that succession progresses (Burger 1999, 
DeVault et al. 2002), the large expanses of available habitat, and the 
permanence of reclaimed mines compared to early successional farmlands 
improved with funds from federal or state assistance programs.  Further, 
reclaimed mines are often not attractive or feasible for infrastructure development 
or forestry.   
Reclaimed mines offer conservation opportunities for vast areas of early 
successional habitats in a forested region.  The mosaic of forests, shrublands, 
and grasslands on reclaimed mine landscapes offer suitable habitat for several 
species guilds.  Management for non-game grassland species will benefit game 
species and vice versa.  Conservation of avian species on reclaimed mines in 
Kentucky should be accelerated and included in regional conservation plans.  
Partnerships between game and non-game oriented organizations should be 
developed (Brennan and Kuvlesky 2005) that merge and strengthen 
conservation efforts to facilitate biodiversity and conservation of regionally 
imperiled species.  
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Table 5-1. Total number of point counts conducted by site and year. 
 
Study Site Site Type 2004 2005 
Fonde GW 3 3 
Tower GW 1 1 
Williamsburg GW 7 7 
Coalgood GW 0 4 
Begley 1 GWBW 3 3 
Begley 3 GWBW 5 5 
Bigfoot GWBW 2 4 
Coldstone GWBW 3 3 
Beverly GWBW 0 5 
Total  24 35 
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Table 5-2. Relative abundance of avian species at golden-winged warbler sites in 
2004 and 2005.  Values are ordered from greatest to least abundance. 
 
Golden-winged Warbler Sites 
Species 2004 Species 2005 
Indigo Bunting 0.19923 Indigo Bunting 0.15190
Yellow-breasted Chat 0.11494 Red-eyed Vireo 0.09620
Red-eyed Vireo 0.08812 Yellow-breasted Chat 0.08101
Field Sparrow 0.08429 Field Sparrow 0.07848
Northern Cardinal 0.06513 Eastern Towhee 0.06329
Common Yellowthroat 0.06130 Golden-winged Warbler 0.06076
Eastern Towhee 0.06130 Hooded Warbler 0.05063
Blue-gray Gnatcatcher 0.03831 Common Yellowthroat 0.04557
Golden-winged Warbler 0.03065 Blue-gray Gnatcatcher 0.03797
Black-and-white Warbler 0.02682 American Redstart 0.02532
Hooded Warbler 0.02682 Black-and-white Warbler 0.02532
American Goldfinch 0.02299 Carolina Wren 0.02532
Carolina Wren 0.02299 Scarlet Tanager 0.02532
White-eyed Vireo 0.02299 Northern Cardinal 0.02278
Downy Woodpecker 0.01149 Ovenbird 0.02278
Pileated Woodpecker 0.01149 Black-throated Green Warbler 0.02025
Scarlet Tanager 0.01149 Chestnut-sided Warbler 0.02025
Brewster's Warbler 0.00766 Cerulean Warbler 0.01519
Carolina Chickadee 0.00766 Wood Thrush 0.01266
Cerulean Warbler 0.00766 Blue-headed Vireo 0.01013
Chipping Sparrow 0.00766 Cedar Waxwing 0.01013
Chestnut-sided Warbler 0.00766 Downy Woodpecker 0.01013
Eastern Tufted Titmouse 0.00766 Yellow-billed Cuckoo 0.01013
Mourning Dove 0.00766 Blue Jay 0.00759
Worm-eating Warbler 0.00766 Carolina Chickadee 0.00759
Yellow-billed Cuckoo 0.00766 Pileated Woodpecker 0.00759
Blue Jay 0.00383 American Goldfinch 0.00506
Brown Thrasher 0.00383 Brewster's Warbler 0.00506
Black-throated Green Warbler 0.00383 Chipping Sparrow 0.00506
Grasshopper Sparrow 0.00383 Eastern Tufted Titmouse 0.00506
Ovenbird 0.00383 Prairie Warbler 0.00506
Red-bellied Woodpecker 0.00383 White-eyed Vireo 0.00506
Song Sparrow 0.00383 Worm-eating Warbler 0.00506
Chimney Swift 0.00383 Brown-headed Cowbird 0.00253
American Crow 0.00000 Grasshopper Sparrow 0.00253
American Redstart 0.00000 Gray Catbird 0.00253
American Robin 0.00000 Hairy Woodpecker 0.00253
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Table 5-2. Continued.    
    
Brown-headed Cowbird 0.00000 Kentucky Warbler 0.00253
Blue-headed Vireo 0.00000 Mourning Dove 0.00253
Blue Grosbeak 0.00000 Red-tailed Hawk 0.00253
Blue-winged Warbler 0.00000 Ruby-throated Hummingbird 0.00253
Cedar Waxwing 0.00000 American Crow 0.00000
Cliff Swallow 0.00000 American Robin 0.00000
Eastern Bluebird 0.00000 Blue Grosbeak 0.00000
Eastern Phoebe 0.00000 Blue-winged Warbler 0.00000
European Starling 0.00000 Brown Thrasher 0.00000
Gray Catbird 0.00000 Cliff Swallow 0.00000
Hairy Woodpecker 0.00000 Eastern Bluebird 0.00000
Kentucky Warbler 0.00000 Eastern Phoebe 0.00000
Northern Bobwhite 0.00000 European Starling 0.00000
Northern Flicker 0.00000 Northern Bobwhite 0.00000
Northern Rough-winged Swallow 0.00000 Northern Flicker 0.00000
Prairie Warbler 0.00000 Northern Rough-winged Swallow 0.00000
Red-tailed Hawk 0.00000 Red-bellied Woodpecker 0.00000
Ruby-throated Hummingbird 0.00000 Red-winged Blackbird 0.00000
Red-winged Blackbird 0.00000 Song Sparrow 0.00000
White-breasted Nuthatch 0.00000 White-breasted Nuthatch 0.00000
Wood Thrush 0.00000 Yellow-throated Warbler 0.00000
Yellow-throated Warbler 0.00000 Chimney Swift 0.00000
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Table 5-3. Relative abundance of avian species at mixed sites in 2004 and 2005.  
Values are ordered from greatest to least abundance. 
 
Mixed Sites 
Species 2004 Species 2005 
Indigo Bunting 0.14798 Indigo Bunting 0.15825
Field Sparrow 0.11435 Field Sparrow 0.12963
Yellow-breasted Chat 0.08520 Yellow-breasted Chat 0.09764
Common Yellowthroat 0.08072 Prairie Warbler 0.05556
Eastern Towhee 0.06726 Grasshopper Sparrow 0.04377
Blue-gray Gnatcatcher 0.06054 Eastern Towhee 0.04209
Red-eyed Vireo 0.05830 Common Yellowthroat 0.04040
Grasshopper Sparrow 0.03139 Red-eyed Vireo 0.04040
Golden-winged Warbler 0.02915 Carolina Wren 0.03704
American Goldfinch 0.02691 White-eyed Vireo 0.03199
Hooded Warbler 0.02691 Hooded Warbler 0.02862
White-eyed Vireo 0.02691 Blue-winged Warbler 0.02694
Carolina Wren 0.02242 Blue-gray Gnatcatcher 0.02189
Prairie Warbler 0.02242 Golden-winged Warbler 0.02189
Northern Bobwhite 0.02018 Northern Cardinal 0.02189
Northern Cardinal 0.02018 American Goldfinch 0.01684
American Crow 0.01345 Brown Thrasher 0.01684
Pileated Woodpecker 0.01345 Carolina Chickadee 0.01684
Blue-winged Warbler 0.01121 Chipping Sparrow 0.01684
Ovenbird 0.01121 Black-and-white Warbler 0.01515
Black-and-white Warbler 0.00897 Northern Bobwhite 0.01178
Carolina Chickadee 0.00897 Ovenbird 0.01178
Downy Woodpecker 0.00897 Downy Woodpecker 0.01010
Northern Rough-winged Swallow 0.00897 Pileated Woodpecker 0.01010
Brown-headed Cowbird 0.00673 Eastern Tufted Titmouse 0.00842
Eastern Tufted Titmouse 0.00673 American Crow 0.00673
European Starling 0.00673 Brewster's Warbler 0.00673
Hairy Woodpecker 0.00673 Yellow-throated Warbler 0.00673
Song Sparrow 0.00673 Gray Catbird 0.00505
Brown Thrasher 0.00448 Blue Grosbeak 0.00337
Chipping Sparrow 0.00448 Northern Flicker 0.00337
Eastern Phoebe 0.00448 Northern Rough-winged Swallow 0.00337
Red-bellied Woodpecker 0.00448 Scarlet Tanager 0.00337
Yellow-billed Cuckoo 0.00448 Song Sparrow 0.00337
American Redstart 0.00224 Worm-eating Warbler 0.00337
Blue Jay 0.00224 Yellow-billed Cuckoo 0.00337
Brewster's Warbler 0.00224 Red-winged Blackbird 0.00224
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Table 5-3. Continued.    
    
Black-throated Green Warbler 0.00224 American Robin 0.00168
Eastern Bluebird 0.00224 Blue-headed Vireo 0.00168
Red-winged Blackbird 0.00224 Blue Jay 0.00168
White-breasted Nuthatch 0.00224 Black-throated Green Warbler 0.00168
Wood Thrush 0.00224 Cedar Waxwing 0.00168
American Robin 0.00000 Cerulean Warbler 0.00168
Blue-headed Vireo 0.00000 Cliff Swallow 0.00168
Blue Grosbeak 0.00000 Eastern Bluebird 0.00168
Cedar Waxwing 0.00000 Hairy Woodpecker 0.00168
Cerulean Warbler 0.00000 Mourning Dove 0.00168
Chimney Swift 0.00000 Wood Thrush 0.00168
Cliff Swallow 0.00000 American Redstart 0.00000
Chestnut-sided Warbler 0.00000 Brown-headed Cowbird 0.00000
Gray Catbird 0.00000 Chimney Swift 0.00000
Kentucky Warbler 0.00000 Chestnut-sided Warbler 0.00000
Mourning Dove 0.00000 Eastern Phoebe 0.00000
Northern Flicker 0.00000 European Starling 0.00000
Red-tailed Hawk 0.00000 Kentucky Warbler 0.00000
Ruby-throated Hummingbird 0.00000 Red-bellied Woodpecker 0.00000
Scarlet Tanager 0.00000 Red-tailed Hawk 0.00000
Worm-eating Warbler 0.00000 Ruby-throated Hummingbird 0.00000
Yellow-throated Warbler 0.00000 White-breasted Nuthatch 0.00000
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Table 5-4. Point count species prevalence at golden-winged warbler sites in 2004 and 2005.  Values are ordered from 
greatest to least prevalence. 
 
2004 Golden-winged Warbler Point Counts 2005 Golden-winged Warbler Point Counts 
Species Prevalence % Prevalence Species Prevalence % Prevalence 
Indigo Bunting 11 100.0 Indigo Bunting 15 100.0 
Common Yellowthroat 9 81.8 Red-eyed Vireo 15 100.0 
Red-eyed Vireo 9 81.8 Golden-winged Warbler 12 80.0 
Yellow-breasted Chat 9 81.8 Eastern Towhee 11 73.3 
Field Sparrow 8 72.7 Yellow-breasted Chat 11 73.3 
Northern Cardinal 8 72.7 Field Sparrow 9 60.0 
Eastern Towhee 7 63.6 Common Yellowthroat 8 53.3 
Black-and-white Warbler 6 54.5 Scarlet Tanager 8 53.3 
Blue-gray Gnatcatcher 6 54.5 Blue-gray Gnatcatcher 7 46.7 
Golden-winged Warbler 6 54.5 Hooded Warbler 7 46.7 
Hooded Warbler 5 45.5 Black-and-white Warbler 6 40.0 
White-eyed Vireo 5 45.5 Carolina Wren 6 40.0 
Carolina Wren 4 36.4 Northern Cardinal 6 40.0 
American Goldfinch 3 27.3 Ovenbird 6 40.0 
Downy Woodpecker 3 27.3 American Redstart 5 33.3 
Pileated Woodpecker 3 27.3 Black-throated Green Warbler 4 26.7 
Scarlet Tanager 3 27.3 Cerulean Warbler 4 26.7 
Brewster's Warbler 2 18.2 Downy Woodpecker 4 26.7 
Carolina Chickadee 2 18.2 Blue-headed Vireo 3 20.0 
Cerulean Warbler 2 18.2 Chestnut-sided Warbler 3 20.0 
Chipping Sparrow 2 18.2 Pileated Woodpecker 3 20.0 
Chestnut-sided Warbler 2 18.2 Wood Thrush 3 20.0 
Eastern Tufted Titmouse 2 18.2 Yellow-billed Cuckoo 3 20.0 
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Table 5-4. Continued.  
  
2004 Golden-winged Warbler Point Counts 2005 Golden-winged Warbler Point Counts 
Species Prevalence % Prevalence Species Prevalence % Prevalence 
Mourning Dove 2 18.2 American Goldfinch 2 13.3 
Yellow-billed Cuckoo 2 18.2 Blue Jay 2 13.3 
Blue Jay 1 9.1 Brewster's Warbler 2 13.3 
Brown Thrasher 1 9.1 Carolina Chickadee 2 13.3 
Black-throated Green Warbler 1 9.1 Prairie Warbler 2 13.3 
Chimney Swift 1 9.1 White-eyed Vireo 2 13.3 
Grasshopper Sparrow 1 9.1 Worm-eating Warbler 2 13.3 
Ovenbird 1 9.1 Brown-headed Cowbird 1 6.7 
Red-bellied Woodpecker 1 9.1 Cedar Waxwing 1 6.7 
Song Sparrow 1 9.1 Chipping Sparrow 1 6.7 
Worm-eating Warbler 1 9.1 Eastern Tufted Titmouse 1 6.7 
American Redstart 0 0.0 Gray Catbird 1 6.7 
American Crow 0 0.0 Grasshopper Sparrow 1 6.7 
American Robin 0 0.0 Hairy Woodpecker 1 6.7 
Blue Grosbeak 0 0.0 Kentucky Warbler 1 6.7 
Blue-headed Vireo 0 0.0 Mourning Dove 1 6.7 
Blue-winged Warbler 0 0.0 Red-tailed Hawk 1 6.7 
Brown-headed Cowbird 0 0.0 Ruby-throated Hummingbird 1 6.7 
Cedar Waxwing 0 0.0 American Crow 0 0.0 
Cliff Swallow 0 0.0 American Robin 0 0.0 
Eastern Bluebird 0 0.0 Blue Grosbeak 0 0.0 
Eastern Phoebe 0 0.0 Blue-winged Warbler 0 0.0 
European Starling 0 0.0 Brown Thrasher 0 0.0 
Gray Catbird 0 0.0 Chimney Swift 0 0.0 
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Table 5-4. Continued.      
      
2004 Golden-winged Warbler Point Counts 2005 Golden-winged Warbler Point Counts 
Species Prevalence % Prevalence Species Prevalence % Prevalence 
Hairy Woodpecker 0 0.0 Cliff Swallow 0 0.0 
Kentucky Warbler 0 0.0 Eastern Bluebird 0 0.0 
Northern Bobwhite 0 0.0 Eastern Phoebe 0 0.0 
Northern Flicker 0 0.0 European Starling 0 0.0 
Northern Rough-winged Swallow 0 0.0 Northern Bobwhite 0 0.0 
Prairie Warbler 0 0.0 Northern Flicker 0 0.0 
Red-tailed Hawk 0 0.0 Northern Rough-winged Swallow 0 0.0 
Red-winged Blackbird 0 0.0 Red-bellied Woodpecker 0 0.0 
Ruby-throated Hummingbird 0 0.0 Red-winged Blackbird 0 0.0 
White-breasted Nuthatch 0 0.0 Song Sparrow 0 0.0 
Wood Thrush 0 0.0 White-breasted Nuthatch 0 0.0 
Yellow-throated Warbler 0 0.0 Yellow-throated Warbler 0 0.0 
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Table 5-5. Point count species prevalence at mixed sites in 2004 and 2005.  Values are ordered from greatest to least 
prevalence. 
 
2004 Mixed Point Counts 2005 Mixed Point Counts 
Species Prevalence % Prevalence Species Prevalence % Prevalence 
Field Sparrow 13 100.0 Yellow-breasted Chat 20 100.0 
Indigo Bunting 13 100.0 Indigo Bunting 19 95.0 
Blue-gray Gnatcatcher 12 92.3 Field Sparrow 18 90.0 
Eastern Towhee 12 92.3 Carolina Wren 15 75.0 
Yellow-breasted Chat 12 92.3 Red-eyed Vireo 14 70.0 
Common Yellowthroat 11 84.6 Eastern Towhee 13 65.0 
Red-eyed Vireo 11 84.6 Grasshopper Sparrow 13 65.0 
Carolina Wren 8 61.5 Common Yellowthroat 12 60.0 
Golden-winged Warbler 8 61.5 Hooded Warbler 12 60.0 
Northern Cardinal 7 53.8 Prairie Warbler 12 60.0 
White-eyed Vireo 7 53.8 Blue-winged Warbler 11 55.0 
Grasshopper Sparrow 6 46.2 White-eyed Vireo 11 55.0 
Hooded Warbler 6 46.2 Blue-gray Gnatcatcher 9 45.0 
Pileated Woodpecker 6 46.2 Golden-winged Warbler 9 45.0 
Prairie Warbler 6 46.2 Northern Cardinal 9 45.0 
American Goldfinch 5 38.5 Black-and-white Warbler 7 35.0 
Blue-winged Warbler 5 38.5 Brown Thrasher 7 35.0 
Ovenbird 5 38.5 Carolina Chickadee 6 30.0 
American Crow 4 30.8 Northern Bobwhite 6 30.0 
Downy Woodpecker 4 30.8 American Goldfinch 5 25.0 
Northern Bobwhite 4 30.8 Chipping Sparrow 5 25.0 
Black-and-white Warbler 3 23.1 Downy Woodpecker 5 25.0 
Carolina Chickadee 3 23.1 Ovenbird 5 25.0 
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Table 5-5. Continued.      
      
2004 Mixed Point Counts 2005 Mixed Point Counts 
Species Prevalence % Prevalence Species Prevalence % Prevalence 
Eastern Tufted Titmouse 3 23.1 Pileated Woodpecker 5 25.0 
Hairy Woodpecker 3 23.1 Eastern Tufted Titmouse 4 20.0 
Northern Rough-winged Swallow 3 23.1 Yellow-throated Warbler 4 20.0 
Song Sparrow 3 23.1 American Crow 3 15.0 
Brown-headed Cowbird 2 15.4 Gray Catbird 3 15.0 
Brown Thrasher 2 15.4 Brewster's Warbler 2 10.0 
Chipping Sparrow 2 15.4 Northern Flicker 2 10.0 
Eastern Phoebe 2 15.4 Northern Rough-winged Swallow 2 10.0 
Red-bellied Woodpecker 2 15.4 Scarlet Tanager 2 10.0 
Yellow-billed Cuckoo 2 15.4 Song Sparrow 2 10.0 
American Redstart 1 7.7 Worm-eating Warbler 2 10.0 
Blue Jay 1 7.7 Yellow-billed Cuckoo 2 10.0 
Brewster's Warbler 1 7.7 American Robin 1 5.0 
Black-throated Green Warbler 1 7.7 Blue-headed Vireo 1 5.0 
Eastern Bluebird 1 7.7 Blue Grosbeak 1 5.0 
European Starling 1 7.7 Blue Jay 1 5.0 
Red-winged Blackbird 1 7.7 Black-throated Green Warbler 1 5.0 
White-breasted Nuthatch 1 7.7 Cedar Waxwing 1 5.0 
Wood Thrush 1 7.7 Cerulean Warbler 1 5.0 
American Robin 0 0.0 Cliff Swallow 1 5.0 
Blue Grosbeak 0 0.0 Eastern Bluebird 1 5.0 
Blue-headed Vireo 0 0.0 Hairy Woodpecker 1 5.0 
Cedar Waxwing 0 0.0 Mourning Dove 1 5.0 
Cerulean Warbler 0 0.0 Wood Thrush 1 5.0 
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Table 5-5. Continued.      
      
2004 Mixed Point Counts 2005 Mixed Point Counts 
Species Prevalence % Prevalence Species Prevalence % Prevalence 
Chestnut-sided Warbler 0 0.0 American Redstart 0 0.0 
Chimney Swift 0 0.0 Brown-headed Cowbird 0 0.0 
Cliff Swallow 0 0.0 Chestnut-sided Warbler 0 0.0 
Gray Catbird 0 0.0 Chimney Swift 0 0.0 
Kentucky Warbler 0 0.0 Eastern Phoebe 0 0.0 
Mourning Dove 0 0.0 European Starling 0 0.0 
Northern Flicker 0 0.0 Kentucky Warbler 0 0.0 
Red-tailed Hawk 0 0.0 Red-bellied Woodpecker 0 0.0 
Ruby-throated Hummingbird 0 0.0 Red-tailed Hawk 0 0.0 
Scarlet Tanager 0 0.0 Red-winged Blackbird 0 0.0 
Worm-eating Warbler 0 0.0 Ruby-throated Hummingbird 0 0.0 
Yellow-throated Warbler 0 0.0 White-breasted Nuthatch 0 0.0 
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CHAPTER 6: INTERSPECIFIC INTERACTIONS 
 
Introduction 
Hybridization between the golden-winged warbler and blue-winged 
warbler is common where they are sympatric (Short 1963, Ficken and Ficken 
1968a, Gill 1987, Confer and Larkin 1998, Shapiro et al. 2004, Confer 2006).  
Their songs, diets, and reproductive behaviors are similar (Ficken and Ficken 
1968a, Ficken and Ficken 1968b, Confer 1992a).  In addition, both species often 
occur together in loose assemblages (Confer 1992b) of up to 15 pairs (Confer 
and Knapp 1981, Confer 1992b, Canterbury et al. 1993), thus facilitating 
opportunities for hybridizing.   
The effects of hybridization on golden-winged warbler and blue-winged 
warbler population status are unclear.  However, it is generally conceded to be 
detrimental to the former (Shapiro et al. 2004, Dabrowski et al. 2005, Confer 
2006).  The blue-winged warbler may be at an advantage because it is the first to 
arrive on the breeding grounds (Confer and Knapp 1977, Ficken and Ficken 
1967), it uses a broader range of plant communities for nesting (Confer and 
Knapp 1981, Canterbury et al. 1993), its courting behavior is similar to the 
golden-winged warbler (Ficken and Ficken 1968a, Ficken and Ficken 1968b), it 
may be a more efficient forager (Ficken and Ficken 1968b), and both species 
have relatively simple vocalizations (Short 1963, Ficken and Ficken 1968a, 
Highsmith 1989), Finally, the blue-winged warbler is further advantaged because 
courtship lasts only 1 to 3 days (Short 1963, Ficken and Ficken 1968a), allowing 
males with established territories to be more successful. 
Communication between the golden-winged warbler and blue-winged 
warbler include vocalizations and interspecific interactions.  These exchanges 
determine whether co-existence culminates in a hybridization event.  The lack of 
variety in golden-winged warbler vocalizations, coupled with the similar 
repertoires may facilitate hybridization (Ficken and Ficken 1967, Highsmith 
1989).  However, observations of interspecific interactions between the golden-
winged warbler and blue-winged warbler fail to consistently identify a dominant 
species.  In Michigan, the blue-winged warbler dominated the golden-winged 
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warbler (Will 1986).  In New York, interspecific interactions were rare, but the 
golden-winged warbler dominated the blue-winged warbler (Confer and Larkin 
1998). 
This section describes the extent of hybridization in southeastern 
Kentucky as it relates to the composition of golden-winged warbler and blue-
winged warbler communities, hybrid prevalence, singing behavior, and 
interspecific interactions. 
Materials and Methods 
Interactions between the golden-winged warbler and the blue-winged 
warbler were observed and noted in a journal during territory mapping (see 
Chapter 3 for mapping methods).  The first singing dates for the golden-winged 
warbler and blue-winged warbler and the song types of each individual were 
recorded.  The golden-winged warbler and blue-winged warbler each sing a song 
that is unique to their own species, the Type 1 song, which is sung to attract 
mates (Ficken and Ficken 1967, Confer 1992a).  Occasionally, one of the two 
species may sing the other species Type I song, and hybrids may sing either or 
both Type I songs (Confer 1992a).  The second vocalization is referred to as 
Type II, and is often territorial in nature and indistinguishable between the two 
species (Ficken and Ficken 1967, Confer 1992a). 
Results 
Thirty-six resident male golden-winged warblers and 12 male resident 
blue-winged warblers were detected in 2004.  In 2005, 40 male golden-winged 
warblers and 25 male blue-winged warblers were detected (Table 6-1).  Of the 28 
golden-winged warblers that were banded at all sites in 2004, 12 (43%) returned 
in 2005 (Appendix A).  Eight male and 1 female Brewster’s warblers were 
observed in 2004.  In 2005, 13 male Brewster’s warblers were identified.  
Lawrence’s warblers were not observed in either year of the study. 
The first resident singing golden-winged warbler in 2004 was observed on 
22 April.  The first blue-winged warbler in 2004 was observed on 6 May, however 
this was the first time a site with blue-winged warblers was visited.  In 2005, the 
first male golden-winged warbler was observed 23 April and the first male blue-
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winged warbler was observed 21 April.  The earliest female golden-winged 
warbler was observed on 4 May 2004 interacting with a male of the same 
species.  A female golden-winged warbler was observed on 7 May 2004 carrying 
food into a patch of blackberry (suspected nest site). 
Golden-winged warblers tended to sing only their species type I song 
(69%) (Table 6-2).  A few were heard singing variations of their own song as well 
as the blue-winged warbler Type I song.  Blue-winged warblers were heard 
singing only song types characteristic of their own species. 
Evidence of hybridization in 2004 included an observation of a male 
golden-winged warbler paired with a female blue-winged warbler in Harlan 
County.  In Bell County, a male Brewster’s warbler was observed with a female 
blue-winged warbler, and a hybrid Brewster’s pair was also observed at the same 
site.  The Brewster’s warblers appeared agitated when discovered as if there was 
a nest nearby, and both had food in their beaks.  In 2005, a male blue-winged 
warbler was observed feeding nestlings along with a pair of golden-winged 
warblers at their nest.  At 2 additional sites, there were 2 cases where male 
golden-winged warblers and blue-winged warbler repeatedly chased each other 
over the nests of paired blue-winged warblers.  One of these golden-winged 
warblers had a nest with a female of its own species approximately 330 m away. 
Discussion 
Hybridization between the golden-winged warbler and blue-winged 
occurred at sites where both species co-existed as evidenced by interactions and 
the presence of hybrids.  Some sites supported the golden-winged warbler but 
not the blue-winged warbler, and the Brewster’s warbler was absent or 
infrequent.   
Golden-winged warblers that sing blue-winged warbler Type I songs may 
stimulate female blue-winged warblers to respond to courting more readily than 
female golden-winged warblers.  The attraction of female blue-winged warblers 
instead of golden-winged warblers may further be facilitated if female blue-
winged warblers arrive at the breeding grounds before female golden-winged 
warblers. 
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Although blue-winged warblers were not observed at the Williamsburg 
study site, directional introgression toward the blue-winged warbler has likely 
occurred due to the high ratio of Brewster’s warblers and the presence of golden-
winged warblers that sing the blue-winged warbler Type I song or a flat sounding 
golden-winged warbler Type I song.  Ficken and Ficken (1967) suggested a 
genetic link to song types in hybrids, considering that singing has all but ceased 
by the time young hatch, yet first year males sing songs identical to those of 
adults.  The additional sites where the blue-winged warbler did not occur (Tower, 
Fonde, and Coalgood) had few or no Brewster’s warblers, and only 1 golden-
winged warbler that sang the blue-winged warbler Type I song.  This indicates 
that introgression may not be as advanced at these sites. 
Few interspecific interactions were observed overall, which agrees with 
other studies (Gill and Murray 1972a, Gill and Murray 1972b, Confer and Knapp 
1977), yet those that occurred were frequently repeated between the same 
individuals.  We observed 3 instances where golden-winged warbler males 
harassed blue-winged warbler males and came to the edges of the blue-winged 
warblers’ territories.  Although it appeared that the golden-winged warblers 
initiated these interactions and could be perceived as dominant, they did not 
expand their territories into those of blue-winged warblers.  In fact, 1 golden-
winged warbler that frequently chased an adjacent blue-winged warbler during 
the first year of this study occupied a densely vegetated hillside that appeared to 
be too advanced in succession to be suitable golden-winged warbler habitat.  
The following year, the blue-winged warbler failed to return, and the golden-
winged warbler moved to the area previously occupied by the blue-winged 
warbler.  This suggests that during the first year, the blue-winged warbler 
remained dominant despite the golden-winged warbler’s frequent harassment.  
An additional observation of a male golden-winged warbler fighting with a blue-
winged warbler occurred in the presence of a female golden-winged warbler.  
The outcome of this interaction was undetermined.  Two instances of male 
golden-winged warblers interacting with Brewster’s males were observed with 
unknown outcomes.  Golden-winged warblers were observed interacting, 
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sometimes aggressively, with other golden-winged warblers.  Male golden-
winged warblers also were aggressive towards an indigo bunting (Passerina 
cyanea), white-eyed vireo (Vireo griseus), and a black-throated green warbler 
(Dendroica virens).  One golden-winged warbler was observed hopping after and 
following a female field sparrow (Spizella pusilla). 
Although return rates of male golden-winged warblers (all sites combined) 
were higher (43%) than those in New York (38%) (Confer and Larkin 1998) or 
West Virginia (16%) (Canterbury 2004), productivity at these sites has not been 
measured.  Additionally, the abundance of male golden-winged warblers is 
relatively low in this study compared to nearby Tennessee (Bulluck and Buehler 
2004).  At 2 sites in this study the number of golden-winged warblers declined 
from 2004 to 2005, and continued to decline in 2006 (P. J. Hartman, University of 
Kentucky, personal communication).  Thereafter, blue-winged warblers appeared 
and increased in just a few years.  This could be a factor of habitat succession or 
replacement of the golden-winged warbler by the blue-winged warbler.   
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Table 6-1. Total numbers and sexes of golden-winged warblers (GWWA), blue-
winged warblers (BWWA), and Brewster’s warblers (BRWA) observed during 
both field seasons. 
                
        
2004        
Site Name 
Site 
Type 
# ♂ 
GWWA 
# ♂ 
BWWA 
# ♂ 
BRWA 
# ♀ 
GWWA 
# ♀ 
BWWA 
# ♀ 
BRWA 
Fonde GW 7 0 0 3 0 0 
Tower GW 3 0 0 0 0 0 
Williamsburg GW 11 0 4 4 0 0 
Begley 1 GWBW 6 3 1 2 0 0 
Begley 3 GWBW 6 1 1 1 0 0 
Bigfoot GWBW 2 4 0 0 1 0 
Coldstone GWBW 1 4 2 0 2 1 
 Total 36 12 8 10 3 1 
        
2005        
Site Name 
Site 
Type 
# ♂ 
GWWA 
# ♂ 
BWWA 
# ♂ 
BRWA 
# ♀ 
GWWA 
# ♀ 
BWWA 
# ♀ 
BRWA 
Fonde GW 6 0 0 0 0 0 
Tower GW 3 0 0 1 0 0 
Williamsburg GW 11 0 6 2 0 0 
Coalgood GW 3 0 1 2 0 0 
Begley 1 GWBW 2 5 0 2 0 0 
Begley 3 GWBW 4 1 1 1 0 0 
Bigfoot GWBW 5 6 1 1 2 0 
Coldstone GWBW 1 6 3 0 0 0 
Beverly GWBW 5 7 1 1 3 0 
 Total 40 25 13 8 4 0 
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Table 6-2. Songs sung by the golden-winged warbler and blue-winged warbler. 
 
2004 Song Types 
Species GWTI - Typical GWTI - Flat BWTI - Typical TII - Rattle GWTI & BWTI  
GWWA 22 1 3 4 2  
BWWA 0 0 10 0 0  
Brewster's 1 3 1 1 1  
       
       
2005 Song Types 
Species GWTI - Typical GWTI - Flat BWTI - Typical Distorted - BWTI TII - Rattle GWTI & BWTI - Typical 
GWWA 22 0 3 1 4 2 
BWWA 0 0 25 0 0 0 
Brewster's 3 0 5 0 1 1 
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CHAPTER 7: NEST SITE CHARACTERISTICS 
 
Introduction 
 The nest site is an important spatial scale to consider when examining 
clutch survival in grassland songbirds (Davis 2005), especially for species that 
produce only one clutch per year (Confer 1992b, Larkin and Confer 1996, Gill et 
al. 2001).  Nest predation is often the primary cause of nest failure in grassland 
birds (Martin and Roper 1988, Winter et al. 2004, Davis 2005, Galligan et al. 
2006), particularly near forest edges (Paton 1994, Winter 2000).  Grassland 
predator communities can be diverse, and include birds, small mammals, meso-
mammals, reptiles, cattle, and ungulates (Renfrew and Ribic 2003, Nack and 
Ribic 2005). 
The golden-winged warbler constructs a nest on or close to the ground 
using leaves, bark, and grasses (Confer 1992a, Confer 1992b).  Nests are often 
anchored on stems of goldenrod or blackberry, and are obscured by clumps of 
grass or dense forbs.  Nests are often located on the edges of forest roads and 
other natural openings (Confer 1992a, Klaus and Buehler 2001).  
 Nesting of the golden-winged warbler had not been documented in 
Kentucky prior to this study.  Because eastern Kentucky may offer a large region 
for range expansion in this imperiled species, knowledge of nesting habitat is an 
important aspect of management.  This section describes biotic and abiotic 
characteristics of nests and nest sites of the golden-winged warbler and blue-
winged warbler on reclaimed mines in southeastern Kentucky.  
Materials and Methods 
Nest site characteristics were measured within a 5 m radius of the nest 
cup (Chase 2002).  Vegetation density and visual obstruction were measured 5 
m from the nest at each cardinal direction and at the nest itself.  Measurements 
were taken using a 3.4 x 3.4 cm square by 2.4 m long wooden picket.  The picket 
was alternately painted in black and white decimeters (modified from Robel et al. 
1970, Griffin and Youtie 1988).  The 16 (4 at each cardinal direction) readings 
taken 5 m from the nest were averaged to yield one value.  At the nest cup, one 
reading was taken in each cardinal direction facing towards the nest and 
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averaged to yield a single value.  Percent canopy closure was measured above 
the nest with a spherical densiometer facing each cardinal direction.  The 4 
readings were averaged to yield 1 value per plot. 
Percentages of grasses, forbs, and shrubs were recorded for each plot by 
visual estimation, and the 4 dominant species in each group were identified. The 
number and species of all trees, saplings, and seedlings were recorded in each 
plot.  Trees were defined as live woody stems ≥ 10 cm dbh (Will 1986, Klaus and 
Buehler 2001, Hudman and Chandler 2002).  Saplings were defined as live 
woody stems < 10 cm dbh and > 1 m tall (Klaus and Buehler 2001).  Aggregate 
sapling height was determined by recording the number and height (visual 
estimate) of all saplings (Fei et al. 2006).  Seedlings were defined as live woody 
stems < 1 m tall (Klaus and Buehler 2001).   
 The number and species of stems supporting each nest were recorded.  
Measurements of the nest and obscurity included: outside height of nest (cm), 
inside height of nest (cm), height of nest above ground (cm), outside width taken 
at the top of the nest (cm), inside width taken at the top of the nest (cm), height of 
vegetation above the nest (m), average height of vegetation 1 m from the nest 
(m), and percent cover over the nest estimated visually by looking down onto the 
nest from a height of 1 m (Ralph et al. 1993).  During the second year of the 
study, nests of the golden-winged warbler and blue-winged warbler were 
examined to identify vegetation used for construction. 
Results 
Twelve golden-winged warbler nests and 5 blue-winged warbler nests 
were identified (Table 7-1).  Vegetation was characterized at 11 golden-winged 
warbler nests and 5 blue-winged warbler nests (common and scientific names in 
Appendix F).    
No statistics were applied to these data due to small sample sizes, 
however a description of nest and nest site characteristics are provided.  Density 
and obstruction of vegetation within 5 m of the nest ranged from 0.4 to 1.8 m 
(Table 7-2).  While the dominance of grasses, forbs, and shrubs at golden-
winged warbler nest sites was variable, blue-winged warbler nest sites all had a 
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higher percentage of forbs than grasses or shrubs (Table 7-2).  Percent canopy 
closure ranged from 2 to 96 % (Table 7-2).  The number of trees within 5 m of a 
nest site ranged from 0 to 4, the number of saplings ranged from 2 to 28, and the 
number of seedlings ranged from 0 to 100 (Table 7-2).  Aggregate sapling height 
ranged from 10 to 70 m (Table 7-2).   
Dominant grasses within 5 m of nests included fescue, orchard, and 
timothy (Table 7-3).  Common forbs included sericea lespedeza and goldenrods 
(Table 7-3).  The majority of shrubs were blackberry (Table 7-2).  Trees and 
saplings common at nest sites were black locust, pines (Pinus spp.), and maples 
(Table 7-3).  Seedlings most often were maples, green ash, and sourwood 
(Oxydendrum arboreum) (Table 7-3).  
The majority of nests were supported by stems of blackberry, goldenrod, 
fescue, and sericea lespedeza (Table 7-4).  Outside height of nests ranged from 
6.4 to 15.5 cm while inside height ranged from 4 to 10 cm.  Nests were 
constructed between 0 and 10 cm above the ground.  Width of the nest opening 
measured from the outside ranged from 7 to 13 cm, and measured from the 
inside ranged from 4 to 8 cm (Table 7-5).  The height of vegetation directly above 
the nest ranged from 0.3 to 1.7 m and the average height of vegetation 1 m from 
the nests ranged from 0.2 to 1.4 m (Table 7-5).  The vegetation density and 
obstruction around the nest cup ranged from 0.2 to 1.3 m (Table 7-5).  The 
amount of cover directly over the nest ranged from 50 to 100 % (Table 7-5). 
Vegetation used to construct 4 golden-winged warbler nests and 5 blue-
winged warbler nests was identified.  Vegetation found in golden-winged warbler 
nests included leaves of chestnut oak (Quercus prinus) and maples, grapevine 
bark, fescue, panic grass (Dichanthelium spp.), Mary’s grass (Microstegium 
vimineum), and a black locust seed pod.  Vegetation in blue-winged warbler 
nests included leaves of chestnut oak, other oaks, maples, autumn olive, 
grapevine bark, fescue, and a black locust seed pod.  Unidentified broad-leaved 
grasses were present in several of the nests.  Nests were constructed with larger 
leaves or broad-leaved grasses on the outside, which were then lined with 
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shreds of grapevine bark.  The inner cup was fine grasses woven into the 
grapevine bark. 
Discussion and Management Implications 
 The majority of golden-winged warbler and blue-winged warbler nests 
were located near forest edges or on the peripheries of black locust or sumac 
groves.  This could be important to nesting success if increased canopy cover 
obstructed nests from aerial predators.  Herbaceous vegetation directly above 
and surrounding the nests likely obscured them from potential ground predators 
and nest parasites.  Nest concealment requirements could explain why these 
species select territories that are often patchy in nature in terms of vegetation.   
Both species constructed well-concealed nests.  While increased 
concealment guards against predation and increases nest success (Martin and 
Roper 1988, Winter et al. 2005), dense ground cover often conceals a higher 
abundance of small terrestrial predators, as they are better concealed from avian 
predators (Orians and Wittenberger 1991, Dion et al. 2000).  Fescue, a dense 
mat-forming grass, likely supports high densities of small mammals and snakes.  
Blue-winged warbler nests all occurred in a higher proportion of forbs compared 
to grasses or shrubs.  Conversely, the proportion of either grasses or shrubs at 
golden-winged warbler nest sites was higher than forbs at all but 2 nests.  Albeit 
low sample sizes, golden-winged warbler may not have adapted fully to nesting 
on reclaimed mines, therefore, nest survival may be lower if nests are 
constructed in dense grasses rather than forbs.     
The composition and structure of vegetation around the nest as well as 
patch size at the territory and landscape levels influence the suite of predators 
contributing to nest predation (Dion et al. 2000, Skagen et al. 2005).  Therefore, 
nest site selection may vary between sites depending on the predators in each 
area.  The composition of the predator community was not quantified in this study 
and is a potential future study.   
 Productivity and nesting success of the golden-winged warbler and blue-
winged warbler should be examined on reclaimed mines to develop appropriate 
conservation approaches.  It appears that both species have adapted to nesting 
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among and constructing nests from exotic vegetation including fescue, sericea 
lespedeza, Mary’s grass, and autumn olive.  Monroe and Ritchison (2005) found 
similar rates of nesting success for the Henslow’s sparrow on mined and 
unmined grassland habitats where fescue and sericea lespedeza were common.  
Galligan et al. (2006) found that nesting success of several bird species on 
reclaimed mines in Indiana was similar to other grassland habitat types in the 
Midwest.  If clutch size is an indicator of good quality habitat, then habitat may be 
optimal at sites in this study considering 8 nests had 5 eggs or nestlings in them.  
The golden-winged warbler typically lays 4 to 6 eggs (Confer 1992b, Larkin and 
Confer 1996).  Nonetheless, exotic species could be detrimental to the fitness of 
these species.  For example, Remes (2003) found higher densities of blackcap 
(Sylvia atricapilla) in a stand of exotic black locust compared to native vegetation, 
however, the birds in black locust stands exhibited lower nesting success.  This 
was attributed to the early spring leaf-out of black locust, which could have 
attracted migrating birds to settle these stands instead of native vegetation.   
Despite the close proximity of nests to forest edges, no evidence of nest 
parasitism was documented, as was the case in logged forests in Tennessee and 
North Carolina (Klaus and Buehler 2001).  On reclaimed mines in Indiana, nest 
parasitism by the brown-headed cowbird was low for several species of 
grassland songbirds (Galligan et al. 2006).  The effects of nest parasitism may 
not be as great on edges within reclaimed mines as they are on forested edges. 
Currently, efforts are being made to restore native grass communities to 
some of the sites in this study.  How conversion from fescue to native grass 
species affects productivity should be the subject of additional study, especially if 
small mammal abundance responds to the change in vegetation structure. 
 
 
  
106
Table 7-1. Nest locations and species pairs of the golden-winged warbler and blue-winged warbler. 
 
Site Name Site Type 
Nest 
ID Year 
Species 
(Male) 
Species 
(Female) Latitude Longitude 
Coalgood GWWA 1 2004 GW GW 36 49 26.6 -83 14 37.3 
Coalgood GWWA 2 2005 GW GW 36 49 37.9 -83 13 52.7 
Coalgood GWWA 3 2005 GW GW 36 49 22.6 -83 14 23.9 
Fonde GWWA 4 2004 GW GW 36 37 45.4 -83 53 04.2 
Fonde GWWA 5 2004 GW GW 36 37 45.5 -83 53 34.1 
Fonde GWWA 6 2004 GW GW 36 37 28.3 -83 53 56.7 
Williamsburg GWWA 7 2004 GW GW 36 40 47.6 -84 11 55.2 
Williamsburg GWWA 8 2005 GW GW 36 40 49.0 -84 11 57.0 
Begley 1 MIXED 9 2004 GW GW 36 53 03.8 -83 30 27.9 
Begley 1 MIXED 10 2005 GW GW 36 53 21.2 -83 30 21.3 
Begley 3 MIXED 11 2004 GW GW 36 52 14.4 -83 30 44.3 
Beverly MIXED 12 2005   GW * GW 36 54 34.4 -83 33 57.6 
Begley 1 MIXED 13 2005    BW ** BW 36 53 12.7 -83 30 29.6 
Beverly MIXED 14 2005 BW BW 36 54   9.1 -83 33 51.9 
Beverly MIXED 15 2005      BW *** BW 36 54 28.4 -83 33 44.2 
Bigfoot MIXED 16 2005 BW BW 36 53 17.6 -83 28 50.8 
Bigfoot MIXED 17 2005 BW BW 36 53 23.5 -83 29 13.1 
        
*   Male blue-winged warbler feeding nestlings of golden-winged warbler pair.  
**  Male golden-winged warbler and male blue-winged warbler repeatedly chasing each other over the  
     nest of the blue-winged warbler pair.    
*** Male golden-winged warbler repeatedly flew over to the nest of the blue-winged warbler pair. 
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Table 7-2. Habitat and vegetative characteristics of golden-winged warbler and blue-winged warbler nest sites. 
 
Nest 
ID 
Veg 
Density 
% 
Grass 
% 
Forb  
% 
Shrub 
% Canopy 
Closure 
# of 
Trees
# of 
Saplings
Aggregate 
Saplng Ht(m) 
# of 
Seedlings 
1 ND ND ND ND ND ND ND ND ND 
2 0.8 20 55 25 25 1 2 10 0 
3 0.8 35 40 25 87 0 21 46.3 6 
4 1.6 25 30 45 39.3 1 2 11 0 
5 0.4 53 43 4 75.5 1 13 25.9 1 
6 0.6 55 25 20 21.25 0 28 47.5 42 
7 0.4 85 5 10 93 3 11 44.5 2 
8 ND ND ND ND ND ND ND ND ND 
9 0.5 60 40 0 57 0 24 50.4 12 
10 1.1 25 15 60 2.3 0 7 12.2 2 
11 0.6 45 40 15 96 1 18 70.4 6 
12 1.8 5 35 45 3.8 0 5 13.7 10 
13 0.6 42 50 8 88.8 4 10 27.9 0 
14 ND 27 70 3 16.8 0 19 31.4 100 
15 1.4 5 55 40 33.8 0 11 22.5 63 
16 ND 20 55 25 26.3 1 6 17 15 
17 ND 25 45 30 48 1 3 15.5 24 
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Table 7-3. Vegetation present within 5 meters of golden-winged and blue-winged warbler nests.  Grass, forb, and shrub 
species are listed in order of dominance. 
 
Nest 
ID Grasses Forbs Shrubs Trees Saplings Seedlings 
1 No Data No Data No Data No Data No Data No Data 
2 Fescue, Orchard, 
Timothy 
Sericea Lespedeza, 
Alumroot, 
Goldenrod, Common 
Ragweed 
Willow, 
Blackberry 
Pitch Pine Pitch Pine, Eastern 
Cottonwood 
None 
3 Fescue, Mary’s, 
Orchard 
Sericea Lespedeza, 
Goldenrod, 
Sowthistle, 
Sweetclover 
Blackberry None Slippery Elm, Green 
Ash, Redbud, Sugar 
Maple 
Redbud, Slippery 
Elm, Sugar Maple, 
Green Ash 
4 Fescue, Orchard Bird's-foot Trefoil, 
Sericea Lespedeza, 
Clover 
Blackberry Black 
Locust 
Black Locust None 
5 Fescue, Orchard Bird's-foot Trefoil, 
Clover, Chicory, 
Sericea Lespedeza 
Blackberry Royal 
Paulownia 
Paulownia, Black 
Locust 
Sugar Maple 
6 Fescue, Orchard, 
Mary’s 
Sericea Lespedeza, 
Alfalfa, Goldenrod, 
Bird’s-foot Trefoil 
Autumn Olive None Green Ash, Sugar 
Maple, Yellow Poplar 
Green Ash, Sugar 
Maple 
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Table 7-3. Continued.     
Nest 
ID Grasses Forbs Shrubs Trees Saplings Seedlings 
7 Fescue, Orchard Sericea Lespedeza, 
Goldenrod 
Blackberry Black 
Locust 
Black Locust, Smooth 
Sumac 
Red Maple, Smooth 
Sumac 
8 No Data No Data No Data No Data No Data No Data 
9 Fescue, Orchard Sericea Lespedeza, 
Ragweed, 
Smartweed 
None None Green Ash, Red 
Maple, Black Locust, 
Boxelder 
Red Maple 
10 Fescue, Orchard Sericea Lespedeza, 
Goldenrod, Alfalfa 
Blackberry None Black Locust Black Locust 
11 Fescue, Orchard, 
Timothy 
Goldenrod, Sericea 
Lespedeza 
Blackberry, 
Multiflora 
Rose 
Slippery 
Elm 
Smooth Sumac Smooth Sumac 
12 Orchard, Fescue Goldenrod, Sericea 
Lespedeza, Yarrow, 
Whorled Loosestrife 
Blackberry, 
Autumn Olive, 
Bicolor 
Lespedeza 
None Yellow Poplar, Red 
Maple 
Yellow poplar, Red 
Maple 
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Table 7-3. Continued.     
Nest 
ID Grasses Forbs Shrubs Trees Saplings Seedlings 
13 Fescue, Oat, 
Mary’s, Orchard 
Goldenrod, Sericea 
Lespedeza, 
Ragweed, Beggar-
ticks 
Blackberry Black 
Locust 
Red Maple, Slippery 
Elm, Black Locust 
None 
14 Fescue, Orchard Sericea Lespedeza, 
Goldenrod, Joe-pye-
weed 
Autumn Olive None Black Locust, 
Sourwood 
Red Maple, 
Sourwood, Sassafras 
15 Panic, 
Broomsedge 
Goldenrod, Sericea 
Lespedeza, Oxe-eye 
Daisy, Whorled 
Loosestrife 
Blackberry, 
Hydrangea 
None Sourwood, Yellow 
Poplar, Chestnut 
Oak, Red Maple, 
Black Locust 
Sourwood, Yellow 
Poplar, Red Maple, 
Black Locust 
16 Oat, Fescue, 
Orchard, Timothy 
Goldenrod, Sericea 
Lespedeza, 
Bedstraw, Yarrow 
Blackberry, 
Sumac 
Virginia 
Pine 
Virginia Pine, 
Sourwood, Black 
Locust 
Black Locust, Red 
Maple, Sourwood 
17 Fescue, Orchard, 
Broomsedge, 
Caric Sedge 
Goldenrod, Clover, 
Joe-pye-weed, 
Alumroot 
Blackberry Black 
Locust 
Yellow Poplar, Red 
Maple, Black Locust 
Red Maple, Sugar 
Maple 
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Table 7-4. Species and number of stems supporting golden-winged warbler and blue-winged warbler nests. 
 
Nest 
ID 1st Species 2nd Species 3rd Species 
1 No Data No Data No Data 
2 Goldenrod (8) Sericea Lespedeza (2) Orchard Grass (2) 
3 Blackberry (4) Fescue Mary’s Grass 
4 Blackberry (1) Fescue  
5 Chicory (30)   
6 Green Ash (1) Fescue Orchard Grass 
7 Blackberry (3) Fescue  
8 Blackberry (1) Fescue (6)  
9 Green Ash (1) Sericea Lespedeza (7) Fescue 
10 Blackberry (2) Fescue  
11 Blackberry (1) Fescue  
12 Goldenrod (4) Tickseed (1)  
13 Goldenrod (2) Fescue  
14 Sericea Lespedeza (2) Goldenrod (3)  
15 Goldenrod (5)   
16 Goldenrod (2) Bedstraw (2) Fescue (2) 
17 Blackberry (3) Goldenrod (2) Fescue (1) 
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Table 7-5. Nest measurements and obscurity of golden-winged warbler and blue-winged warbler nests. 
 
Nest 
ID 
Outside 
Nest Ht 
(cm) 
Inside 
Nest Ht 
(cm) 
Ht Above 
Ground 
(cm) 
Outside 
Width at Top 
(cm) 
Inside 
Width at 
Top (cm) 
Ht of Veg 
Above Nest 
(m) 
Ht of Veg 
1m From 
Nest (m) 
Veg Density 
at Nest 
Center (m) 
% Cover 
over Nest
1 No Data No Data No Data No Data No Data No Data No Data No Data No Data 
2 9.5 6.4 6.5 13 8 1.3 0.7 0.5 100 
3 8.9 4.3 5 10.5 8 1.6 0.8 0.9 60 
4 12 8 2.5 11 5 No Data No Data No Data No Data 
5 10.3 7 7.5 10 5 0.8 No Data 0.6 No Data 
6 15.5 10 0 11 7 0.3 0.2 0.2 No Data 
7 11.5 8 10 9 5.5 0.7 No Data No Data No Data 
8 No Data No Data No Data No Data No Data 1.5 0.9 0.6 No Data 
9 10 7 6 9 4.5 0.8 No Data 0.5 No Data 
10 8.2 6.3 5.5 10 7.5 1.7 1.4 1.3 75 
11 11 No Data 1 7 4 0.5 No Data 0.6 No Data 
12 10.3 6 0.5 10.5 6 1 0.8 No Data 95 
13 7.2 5.5 4 10.5 7.4 1.2 1.1 No Data 95 
14 10.1 4 1 8 5.5 0.8 0.7 0.7 75 
15 8.6 5.5 1 10.5 6 1.1 0.9 No Data 50 
16 6.4 5.6 1.5 10 6 0.7 0.3 0.5 60 
17 7.6 5.5 1 8.5 6 1.2 0.8 0.6 60 
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CHAPTER 8: MANAGEMENT RECOMMENDATIONS 
 
A useful starting point for habitat management to benefit the golden-
winged warbler is to identify high elevation areas where the blue-winged warbler 
is absent.  Some sites supported the golden-winged warbler but not the blue-
winged warbler, and the Brewster’s hybrid warbler was absent or infrequent.  
Management on sites such as these should be high priority, as it may decrease 
the chances of competition, hybridization, and genetic introgression between the 
two species.  Where both species coexist, creation of suitable habitat for the 
golden-winged warbler should be focused at the highest elevations to maximize 
the success of the golden-winged warbler.  Hybridization and interspecific 
competition differ regionally, and it is unknown whether the golden-winged 
warbler could persist with the blue-winged warbler in Kentucky.  Because the 
blue-winged warbler is also declining, land managers in Kentucky should take 
advantage of the opportunity to manage for both species where possible.  
Manipulating habitat to attract the golden-winged warbler will likely provide 
suitable habitat for both species. 
The propensity for the golden-winged warbler and blue-winged warbler to 
establish territories near forest edges is likely related to the availability of singing 
perches, foraging opportunities, nesting requirements, and microclimate.  Both 
species have weak songs that may benefit from tall perch trees in the forest 
edge, especially when attracting females or conspecifics to the breeding 
grounds.  Forests also may contribute to foraging opportunities.  While these 
warblers were commonly observed feeding on caterpillars in black locust trees 
and saplings in open areas, they were also observed foraging while singing in 
trees on the forest edge.  Forests also provide nesting material such as the bark 
of grapevines and oak leaves commonly found in nests of both species in this 
study.   
Management efforts to promote the golden-winged warbler should be 
focused along forest edges rather than open grasslands.  An early successional 
transition zone should be manipulated to extend at least 80 m from the forest 
edge and should extend linearly along the edge as much as is feasible.  In 
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fragmented areas, as many edges as possible should be targeted for 
manipulation to support more birds.  Larger patches of suitable golden-winged 
warbler habitat may support additional golden-winged warbler pairs as a result of 
conspecific attraction, thereby increasing fitness as a result of clustered breeding 
(Ahlering and Faaborg 2006). 
There were numerous openings of early successional habitat on reclaimed 
mines in this study, yet the golden-winged warbler and blue-winged warbler were 
absent, or failed to return in subsequent breeding seasons.  Some sites exhibited 
signs of advancement to young forests, including midstory hardwood growth and 
heavy shrub cover.  In these areas, periodic prescribed burning could be an 
effective management tool to set back succession in areas that appear too 
advanced for the golden-winged warbler.  Burns conducted during mid-January 
to mid-March will promote growth of herbaceous vegetation in the spring, will not 
destroy nests of breeding birds, and will increase insect abundance (Yarrow and 
Yarrow 1999).  
There were many sites where forest edges abruptly changed to grassland 
with little or no intermediate transition zone, resulting in a hard edge.  These 
edges could be enhanced by planting saplings, forbs, and a few shrubs.  Hollow-
fills reclaimed solely with grasses could be improved to include patches of forbs, 
shrubs, and woody stems.   
Based on the patterns revealed in this study, a mixture of grasses and 
forbs should be promoted to facilitate golden-winged warbler and blue-winged 
warbler occupation.  While heavy shrub cover should be discouraged, a minimal 
amount (<25% shrub cover) will help create the patchy habitat that these species 
appear to favor.  Habitat should be manipulated to include few to no trees, 
aggregate sapling heights up to 45 meters, and up to 30 seedlings per 5 m plot.   
The golden-winged warbler generally occurred on slopes of less than 48% 
and several occurred on slopes of less than 20%.  This is comparable to mean 
slope values for golden-winged warbler habitat in Tennessee and North Carolina 
of 25° (~ 44%) (Klaus and Buehler 2001).  The median aspect for golden-winged 
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warbler occurrence in the latter study was 190 degrees (southwest), whereas the 
golden-winged warbler in this study occurred on multiple aspects.   
The majority of golden-winged warbler and blue-winged warbler nests 
were located near forest edges or on the peripheries of black locust or sumac 
groves.  This could be important to nesting success if increased canopy cover 
obstructed nests from aerial predators.  Both species constructed well-concealed 
nests.  Herbaceous vegetation directly above and surrounding the nests likely 
obscured them from potential ground predators and nest parasites.  Nest 
concealment requirements could explain why these species select territories that 
are often patchy in nature in terms of vegetation. 
Grazing pressure by cattle may be a problem for the golden-winged 
warbler and blue-winged warbler in terms of nest site selection.  Cattle were 
present at 4 sites during this study.  In 2005, golden-winged warblers did not 
return to a site where cattle had grazed the vegetation to ground level.  Where 
grazing pressure changes the structure of reclaimed sites, negative impacts to 
the golden-winged warbler should be anticipated (Fleischner 1994).  
Consequently, cattle grazing should be discouraged to avoid destruction of 
herbaceous vegetation and attraction of brown-headed cowbirds. 
Productivity and nesting success of the golden-winged warbler and blue-
winged warbler should be examined on reclaimed mines to develop appropriate 
conservation approaches.  It appears that both species have adapted to nesting 
among and constructing nests from exotic vegetation including fescue, sericea 
lespedeza, Mary’s grass, and autumn olive.  Monroe and Ritchison (2005) found 
similar rates of nesting success for the Henslow’s sparrow on mined and 
unmined grassland habitats where fescue and sericea lespedeza were common.  
Galligan et al. (2006) found that nesting success of several bird species on 
reclaimed mines in Indiana was similar to other grassland habitat types in the 
Midwest.  Nonetheless, exotic species could be detrimental to the fitness of these 
species.  For example, Remes (2003) found higher densities of blackcap (Sylvia 
atricapilla) in a stand of exotic black locust compared to native vegetation, 
however, the birds in black locust stands exhibited lower nesting success.  This 
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was attributed to the early spring leaf-out of black locust, which could have 
attracted migrating birds to settle these stands instead of native vegetation.   
Currently, efforts are being made to restore native grass communities to 
some of the sites in this study.  How conversion from fescue to native grass 
species affects productivity should be the subject of additional study.  Densities 
of mammalian predators in native versus exotic grasses should be examined as 
they relate to nest predation. 
The golden-winged warbler shares eastern Kentucky reclaimed mine sites 
with a diverse bird community that is typical of woodland edges and grasslands.  
The association of the golden-winged warbler with forest edges is consistent with 
the occurrence of woodland species such as the chestnut-sided warbler, black-
and-white warbler, black-throated green warbler, cerulean warbler, hooded 
warbler, scarlet tanager, ovenbird, and red-eyed vireo.  Early successional 
species associated with the golden-winged warbler included the indigo bunting, 
common yellowthroat, yellow-breasted chat, eastern towhee, field sparrow, and 
prairie warbler.   
The yellow-breasted chat and eastern towhee are declining in the 
northeast (Greenlaw 1996, Eckerle and Thompson 2001), but were among the 
most prevalent species on reclaimed mines in southeastern Kentucky.  The 
grasshopper sparrow is declining throughout its range (Brennan and Kuvlesky 
2005), but was fairly common in this study.  DeVault et al. (2002) found 
grasshopper sparrows at > 90% of point counts on reclaimed mines in Indiana.   
While it is encouraging that declining species were detected on point 
counts, further research should be conducted to determine whether reclaimed 
mines support source or sink populations.  Productivity of forest birds may 
decrease the closer they occur to forest edges (Manolis et al. 2002).  Wood et al. 
(2006) found that the cerulean warbler occupied forest edges on reclaimed 
mines, but its abundance increased farther into the forest.  Nest predation is also 
likely higher on nests located near forest edges for both forest and grassland 
species (Paton 1994, Winter et al. 2000, Manolis et al. 2002).  Wray et al. (1982) 
documented low nest success of grasshopper sparrows, savannah sparrows, 
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and vesper sparrows in West Virginia, presumably due to predation by northern 
black racers and crows. 
Despite the close proximity of golden-winged warbler and blue-winged 
warbler nests to forest edges, no evidence of nest parasitism by the brown-
headed cowbird was documented in this study.  The brown-headed cowbird was 
not recorded on point counts during a recent 2-year study on the yellow-breasted 
chat on reclaimed mines in eastern Kentucky (Ciuzio 2002) and was also rare on 
reclaimed mines in Indiana (DeVault et al. 2002).  Nest parasitism by the brown-
headed cowbird was low for several species of grassland songbirds on reclaimed 
mines in Indiana (Galligan et al. 2006).  Considering the low relative abundance 
of the brown-headed cowbird on reclaimed mines in other studies as well as this 
one, nest parasitism by the cowbird may be low.   
The establishment of permanent point count routes on reclaimed mines in 
southeastern Kentucky will augment state and regional avian community data, 
provide baseline data for monitoring population trends and diversity on reclaimed 
mines, and may identify opportunities for management of high priority species.  
The golden-winged warbler is a species that is not well represented on Breeding 
Bird Surveys (Donovan et al. 2002).  Additional survey coverage will contribute to 
avian monitoring in the region and help document the patterns of local golden-
winged warbler increases that have occurred in eastern Kentucky. 
In conclusion, reclaimed mines in Kentucky and other regions support 
diverse communities of grassland and edge-adapted species.  Lacki et al. (2004) 
observed 110 resident and migratory bird species on reclaimed mines over a 6 
year study in Indiana.  The same study documented the movement of several 
grassland species onto reclaimed mines after reclamation was completed.  
Reclaimed mines offer a unique opportunity to promote game species such as 
northern bobwhite quail, ruffed grouse, and wild turkey, which were commonly 
heard or flushed during this study.  DeVault et al. (2002) documented bobwhite 
quail at 100% of point counts on reclaimed mines in Indiana. 
Reclaimed mines are appealing for conservation of early successional bird 
species because of the slow rate that succession progresses (Burger 1999, 
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DeVault et al. 2002), the large expanses of available habitat, and the 
permanence of reclaimed mines compared to early successional farmlands 
improved with funds from federal or state assistance programs.  Further, 
reclaimed mines are often not attractive or feasible for infrastructure development 
or forestry.  Land managers have opportunities to improve conditions for the 
golden-winged warbler and other members of this regionally novel community.  
Management for non-game grassland species will benefit game species and vice 
versa.  State biologists can work to enroll landowners in programs such as 
Kentucky’s Habitat Improvement Program and State and Tribal Wildlife Grants.  
These programs provide funding and on-the-ground technical assistance to 
landowners who want to improve habitat for a variety of wildlife on private lands.  
Partnerships between game and non-game oriented organizations should be 
developed (Brennan and Kuvlesky 2005) that merge and strengthen 
conservation efforts to facilitate biodiversity and conservation of regionally 
imperiled species.   
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APPENDICES 
 
Appendix A. Banding data for golden-winged warblers, blue-winged warblers, and Brewster’s hybrids. 
Site Sp Latitude Longitude Date Banded 
Seen 
in 
2005? 
USFWS 
Band # Left Leg Right Leg Sex 
Age
** 
Wing 
(mm) 
Mass 
(g) 
Tower GW 36 37 13.0 -83 51 05.0 5/3/2004 Yes 196043504 dark blue X / hot pink M 9 U 8.2 
Fonde GW 36 37 43.0 -83 53 09.0 5/3/2004 Yes 196043505 dark blue x / red M 9 U 8.5 
Fonde GW 36 37 28.3 -83 53 56.7 5/4/2004 Yes 196043506 dark blue x / orange M 6 61 8.5 
Fonde GW 36 37 45.0 -83 53 04.6 5/5/2004 Yes 196043507 dark blue x / pea green M 6 63 8.7 
Williamsburg GW 36 40 19.0 -84 13 02.0 5/11/2004 Yes 196043508 hot pink x / purple M 6 62 9.5 
Williamsburg BR 36 40 19.0 -84 13 02.0 5/11/2004 No 196043509 red X / light blue M 9 64.5 9.25 
Begley 1 GW 36 53 03.0 -83 30 32.0 5/12/2004 No 196043510 purple x / yellow M 6 64 9 
Begley 1 GW 36 53 03.0 -83 30 32.0 5/12/2004 No 196043511 hot pink x / pea green M 6 66 9.9 
Begley 1 GW 36 52 28.3 -83 30 12.6 5/13/2004 No 196043512 dark blue x / yellow M 6 61 8.7 
Begley 1 GW 36 52 48.0 -83 31 16.9 5/13/2004 No 196043513 pea green x / orange M 6 64 9 
Bigfoot GW 36 52 20.7 -83 28 41.9 5/14/2004 Yes 196043514 hot pink x / orange M 6 62 U 
Tower GW 36 37 23.3 -83 51 03.0 5/15/2004 No 196043515 red x / orange M 5 62 9.2 
Fonde GW 36 37 33.3 -83 54 00.9 5/16/2004 No 196043516 hot pink x / yellow M 6 61 7.9 
Williamsburg GW 36 40 18.0 -84 13 04.4 5/18/2004 No 196043517 dark blue x / white M 6 64 8.7 
Williamsburg GW 36 40 58.2 -84 12 15.5 5/18/2004 Yes 196043518 pink yellow* x / light blue M 6 65 8.8 
Begley 3 GW 36 52 11.0 -83 31 11.0 5/19/2004 No 196043519 hot pink x / white M 6 64 U 
Begley 3 GW 36 52 11.2 -83 31 01.0 5/20/2004 Yes 196043520 dark blue x / orange purple* M 6 63.5 8.9 
Begley 3 GW 36 52 12.7 -83 30 41.0 5/20/2004 No 196043521 purple x / pea green M 5 65 8.7 
Begley 3 GW 36 52 29.0 -83 30 43.0 5/20/2004 No 196043522 yellow x / pea green M 6 64 8.5 
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Appendix A. Continued. 
      
Site Sp Latitude Longitude Date Banded 
Seen 
in 
2005? 
USFWS 
Band # Left Leg Right Leg Sex 
Age
** 
Wing 
(mm) 
Mass 
(g) 
Williamsburg GW 36 40 50.0 -84 11 56.0 5/25/2004 No 196043523 red x / yellow M 5 62 8.25 
Williamsburg GW 36 40 50.0 -84 11 56.0 5/25/2004 Yes 196043524 dark blue x / light blue M 6 61 9 
Williamsburg GW 36 41 14.0 -84 12 33.0 5/25/2004 Yes 196043525 red x / hot pink M 6 65 8.8 
Coldstone GW 36 43 07.1 -83 31 34.9 5/26/2004 Yes 196043526 purple x / red M 5 61.5 8.75 
Begley 3 GW 36 52 29.5 -83 30 55.0 5/29/2004 No 196043527 purple x / dark blue M 6 63.5 9.1 
Tower GW 36 37 12.5 -83 51 05.0 5/31/2004 No 196043528 yellow x / orange M 6 64 9.2 
Williamsburg GW 36 40 18.4 -84 12 55.3 6/1/2004 No 196043529 white x / yellow M 6 U U 
Fonde GW 36 37 31.7 -83 54 04.3 6/5/2004 No 196043530 hot pink blue light pink / x M 6 63 9 
Fonde GW 36 37 43.0 -83 53 36.0 6/5/2004 Yes 196043531 purple x / orange M 6 63 8.6 
Begley 1 BW 36 52 02.0 -83 30 07.0 6/7/2004 No 196043532 dark blue x / red M 5 58 U 
Begley 1 GW 36 53 04.0 -83 30 29.0 6/7/2004 No 196043533 light pink x / dark blue F 6 60 11 
Begley 1 BW 36 52 25.0 -83 30 06.0 6/7/2004 Yes 196043534 yellow x / pea green M 6 59 8.8 
Begley 1 BR 36 52 10.0 -83 30 23.0 6/7/2004 No 196043535 purple x / hot pink M 6 59 7.9 
Begley 1 GW 36 52 11.0 -83 30 15.0 6/7/2004 No 196043536 light blue x / hot pink M 6 61 9.9 
Bigfoot BW 36 52 19.4 -83 28 45.8 6/9/2004 No 196043537 light blue x / orange M 6 60.5 8.75 
Bigfoot BW 36 53 25.5 -83 29 30.4 6/9/2004 No 196043538 purple x / red M 6 59 8.5 
Coldstone BR 36 43 24.1 -83 30 45.3 6/9/2004 Yes 196043539 orange x / green M 5 64 9.75 
Bigfoot BW 36 52 22.8 -83 28 45.1 6/12/2004 No 196043540 hot pink x / orange M U 59 8.1 
Bigfoot BW 36 52 22.8 -83 28 45.1 6/12/2004 No 196043541 dark blue x / pea green M U 61 8.25 
Hances Ridge BW 36 41 34.4 -83 34 15.1 4/21/2005 N/A 196043542 hot pink / black x / yellow M 6 63 8 
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Appendix A. Continued.       
Site Sp Latitude Longitude Date Banded 
Seen 
in 
2005? 
USFWS 
Band # Left Leg Right Leg Sex 
Age
** 
Wing 
(mm) 
Mass 
(g) 
Williamsburg GW 36 41 33.0 -84 13 17.1 4/22/2005 N/A 196043543 hot pink / black x / yellow M 5 62 9.2 
Beverly BW 36 53 14.0 -83 33 36.6 5/8/2005 N/A 196043544 hot pink x / pea green M 5 61.5 9 
Beverly GW 36 54 7.3 -83 33 56.7 5/8/2005 N/A 196043545 green / black x / yellow M 5 64 8.8 
Coldstone BW 36 43 10.1 -83 31 39.5 5/14/2005 N/A 196043546 black / orange x / pea green M U 61 8.75 
Bigfoot GW 36 53 15 -83 28 47.2 5/16/2005 N/A 196043547 black / orange x / dark blue M 5 64 9 
Begley 3 GW 36 52 24.2 -83 30 59.8 5/16/2005 N/A 196043548 black / green x / light blue M 6 64 9.5 
Coalgood GW 36 49 38.2 -83 13 52.7 5/25/2005 N/A 196043549 yellow / black hot pink / x M U 64 U 
Beverly GW 36 54 31.3 -83 33 46.2 5/29/2005 N/A 196043550 green / red x / purple M 5 62 U 
Beverly BW 36 54 27.7 -83 33 46.2 5/29/2005 N/A 196043551 green / black x / light blue M 5 58 8.25 
Begley 1 GW 36 53 10.8 -83 33 29.3 6/4/2005 N/A 196043552 blue / yellow x / red M U 63 8 
Begley 1 BW 36 53 18.1 -83 30 24.7 6/4/2005 N/A 196043553 orange x / blue M 6 63 8.5 
Tower GW 36 37 14.3 -83 51 3.1 6/7/2005 N/A 196043554 orange / pea green x / light pink M 6 65 9.25 
Beverly GW 36 54 34.4 -83 33 56.3 6/9/2005 N/A 196043555 blue / white x / hot pink M 5 65 9 
Beverly BW 36 54 34.4 -83 33 56.3 6/9/2005 N/A 196043596 yellow x / red M 6 62 8.25 
             
*  A single multi-colored band. 
** Age was determined by plumage characteristics (Pyle 1997).  A 5 = second year, 6 = after second year, and 9 = not attempted. 
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Appendix B. Distances (m) of bird locations to forest edges for 73 golden-winged warbler and blue-winged 
warbler territories.  Site type GW indicates sites where only the golden-winged warbler occurred while GWBW 
indicates sites where both species occurred. 
 
Study Site Site Type Sp. 
Territory 
ID 
# of 
Points 
In 
Forest 
# of 
Points 
Outside 
Forest 
Total   
# of 
Points 
% of 
Points 
in 
Forest 
Minimum 
Distance 
to Forest 
Edge 
Maximum 
Distance 
From 
Forest 
Edge 
Average 
Distance 
From 
Forest 
Edge 
St.  
Dev. 
Tower GW GW 17 6 36 42 14.29 2.98 53.85 19.56 12.91 
Tower GW GW 21 6 17 23 26.09 0.43 55.74 15.78 16.55 
Tower GW GW 16 1 38 39 2.56 2.62 37.41 20.63 12.13 
Fonde GW GW 4 8 22 30 26.67 2.88 85.69 25.18 17.92 
Fonde GW GW 14 3 16 19 15.79 9.98 45.89 29.38 8.92 
Fonde GW GW 18 1 15 16 6.25 10.30 73.40 40.38 24.61 
Fonde GW GW 15 10 24 34 29.41 6.89 23.63 13.42 4.97 
Fonde GW GW 3 26 14 40 65.00 2.17 15.74 8.27 4.42 
Fonde GW GW 19 0 29 29 0.00 4.96 50.56 28.12 12.46 
Fonde GW GW 20 24 3 27 88.89 0.40 2.41 1.74 1.16 
Williamsburg GW GW 13 5 36 41 12.20 5.32 43.48 21.78 10.82 
Williamsburg GW GW 12 2 22 24 8.33 5.18 117.82 80.78 27.28 
Williamsburg GW GW 25 0 15 15 0.00 26.43 76.24 54.13 15.73 
Williamsburg GW GW 5 24 27 51 47.06 3.32 62.80 18.10 15.72 
Williamsburg GW GW 24 1 32 33 3.03 2.57 74.46 24.76 17.54 
Williamsburg GW GW 6 4 35 39 10.26 1.08 36.01 21.88 9.12 
Williamsburg GW GW 9 0 48 48 0.00 8.26 90.14 60.39 19.93 
Williamsburg GW GW 8 8 28 36 22.22 1.42 32.96 14.10 10.80 
Williamsburg GW GW 23 1 29 30 3.33 2.01 78.85 37.11 19.79 
Williamsburg GW GW 7 1 62 63 1.59 10.19 64.58 38.11 12.78 
Williamsburg GW GW 10 9 34 43 20.93 1.71 20.31 12.03 5.00 
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Appendix B. Continued. 
 
 
Study Site Site Type Sp. 
Territory 
ID 
# of 
Points 
In 
Forest 
# of 
Points 
Outside 
Forest 
Total # 
of 
Points 
% of 
Points 
in 
Forest 
Minimum 
Distance 
to Forest 
Edge 
Maximum 
Distance 
From 
Forest 
Edge 
Average 
Distance 
From 
Forest 
Edge 
St. 
Dev. 
Williamsburg GW GW 11 18 35 53 33.96 2.35 43.42 26.64 12.79 
Williamsburg GW GW 22 0 31 31 0.00 19.44 95.48 63.19 22.46 
Coalgood GW GW 1 15 37 52 28.85 0.58 20.56 10.87 5.59 
Coalgood GW GW 2 31 4 35 88.57 5.12 19.13 12.49 7.12 
Begley 1 GWBW BW 37 18 29 47 38.30 2.27 45.53 21.91 9.65 
Begley 1 GWBW BW 39 1 37 38 2.63 20.38 207.30 139.42 48.46 
Begley 1 GWBW BW 53 6 36 42 14.29 2.78 76.91 22.27 17.13 
Begley 1 GWBW BW 55 1 32 33 3.03 0.51 67.24 26.81 19.39 
Begley 1 GWBW BW 33 9 14 23 39.13 0.59 36.30 14.78 15.29 
Begley 1 GWBW BW 26 23 11 34 67.65 0.82 15.97 5.20 5.43 
Begley 1 GWBW GW 59 10 31 41 24.39 4.87 34.89 22.25 10.12 
Begley 1 GWBW GW 56 4 20 24 16.67 0.53 64.54 39.34 18.65 
Begley 1 GWBW GW 57 1 39 40 2.50 7.85 108.38 63.81 24.40 
Begley 1 GWBW GW 58 5 21 26 19.23 11.66 48.87 35.38 7.32 
Begley 1 GWBW GW 54 0 20 20 0.00 31.35 159.90 109.13 39.44 
Begley 1 GWBW GW 38 24 37 61 39.34 0.31 24.58 13.52 5.38 
Begley 1 GWBW GW 35 29 18 47 61.70 0.31 31.36 8.16 9.05 
Bigfoot GWBW BW 60 6 23 29 20.69 0.84 28.37 13.89 8.48 
Bigfoot GWBW BW 61 1 16 17 5.88 1.97 83.26 49.56 25.42 
Bigfoot GWBW BW 32 3 21 24 12.50 1.85 60.63 19.05 12.80 
Bigfoot GWBW BW 31 4 27 31 12.90 2.94 61.02 33.99 19.07 
Bigfoot GWBW GW 36 9 62 71 12.68 0.12 94.17 43.14 17.98 
Bigfoot GWBW GW 62 0 38 38 0.00 49.21 103.52 79.99 11.17 
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Study Site Site Type Sp. 
Territory 
ID 
# of 
Points 
In 
Forest 
# of 
Points 
Outside 
Forest 
Total # 
of 
Points 
% of 
Points 
in 
Forest 
Minimum 
Distance 
to Forest 
Edge 
Maximum 
Distance 
From 
Forest 
Edge 
Average 
Distance 
From 
Forest 
Edge 
St. 
Dev. 
            
Bigfoot GWBW GW 30 0 28 28 0.00 2.02 68.95 33.19 21.93 
Bigfoot GWBW GW 43 1 42 43 2.33 5.55 102.41 49.09 29.19 
Bigfoot GWBW GW 63 5 30 35 14.29 16.86 107.77 75.59 26.45 
Begley 3 GWBW GW 64 0 30 30 0.00 8.18 86.06 47.48 22.77 
Begley 3 GWBW GW 65 8 17 25 32.00 1.68 20.27 8.81 8.03 
Begley 3 GWBW GW 66 2 27 29 6.90 16.81 71.35 34.54 17.19 
Begley 3 GWBW GW 67 3 26 29 10.34 1.53 98.53 53.06 22.57 
Begley 3 GWBW GW 68 5 41 46 10.87 11.86 182.80 95.76 44.55 
Begley 3 GWBW GW 69 2 38 40 5.00 23.81 105.11 57.22 24.64 
Begley 3 GWBW GW 51 16 32 48 33.33 1.20 56.08 7.85 10.37 
Begley 3 GWBW GW 50 6 16 22 27.27 10.40 159.02 85.69 49.18 
Coldstone GWBW BW 73 4 14 18 22.22 10.71 60.42 33.52 19.27 
Coldstone GWBW BW 40 4 20 24 16.67 15.22 94.62 31.12 18.99 
Coldstone GWBW BW 71 1 21 22 4.55 14.15 137.08 82.50 43.64 
Coldstone GWBW BW 45 5 34 39 12.82 0.45 120.53 43.79 30.13 
Coldstone GWBW BW 72 1 19 20 5.00 5.94 71.49 30.19 21.63 
Coldstone GWBW BW 42 4 33 37 10.81 5.03 73.95 36.22 21.15 
Coldstone GWBW BW 44 2 33 35 5.71 1.08 39.74 13.32 9.49 
Coldstone GWBW GW 41 0 74 74 0.00 4.64 74.69 35.65 16.55 
Coldstone GWBW GW 70 0 26 26 0.00 67.94 102.29 79.97 11.65 
Beverly GWBW BW 52 7 31 38 18.42 1.45 70.09 25.62 19.61 
Beverly GWBW BW 29 3 13 16 18.75 0.54 60.96 15.08 16.09 
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Study Site Site Type Sp. 
Territory 
ID 
# of 
Points 
In 
Forest 
# of 
Points 
Outside 
Forest 
Total # 
of 
Points 
% of 
Points 
in 
Forest 
Minimum 
Distance 
to Forest 
Edge 
Maximum 
Distance 
From 
Forest 
Edge 
Average 
Distance 
From 
Forest 
Edge 
St. 
Dev. 
Beverly GWBW BW 34 5 29 34 14.71 3.63 86.07 27.54 18.41 
Beverly GWBW BW 27 5 24 29 17.24 0.43 61.69 28.46 19.67 
Beverly GWBW BW 47 14 22 36 38.89 1.16 39.97 14.88 11.47 
Beverly GWBW GW 28 4 18 22 18.18 1.74 59.02 19.07 15.71 
Beverly GWBW GW 46 8 29 37 21.62 1.99 39.10 20.28 12.07 
Beverly GWBW GW 48 0 24 24 0.00 10.22 46.78 26.48 14.04 
Beverly GWBW GW 49 4 23 27 14.81 1.70 41.97 16.60 9.83 
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Appendix C. Normality histograms of 9 habitat variables used in analyses. 
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Appendix C. Continued. 
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Appendix D. Common and scientific names of vegetation used in analyses. 
 
Agrimony Agrimonia 
Alder Alnus 
Alfalfa / Black Medic Medicago 
Alumroot Heuchera 
American Beech Fagus 
American Sycamore Platanus 
Anemone / Windflower Anemone 
Ash Fraxinus 
Aster Aster 
Autumn Olive Elaeagnus 
Bedstraw Galium 
Beebalm Monarda 
Beggarticks Bidens 
Bindweed Convolvulus 
Birch Betula 
Bird's-foot Trefoil Lotus 
Black Gum Nyssa 
Blackberry / Raspberry Rubus 
Blue Grass Poa 
Blueberry Vaccinium 
Blue-eyed Grass Sisyrinchium 
Brome Bromus 
Broom-sedge Andropogon 
Buckeye Aesculus 
Bulrush Scirpus 
Burnweed / Fireweed Erechtites 
Butterbur / Coltsfoot Petasites 
Caric Sedge Carex 
Catbrier / Greenbrier Smilax 
Cat-tail Typha 
Cherry / Plum Prunus 
Chicory Cichorium 
Christmas Fern Polystichum 
Cinquefoil Potentilla 
Clearweed Pilea 
Clematis / Leather Flower Clematis 
Clover Trifolium 
Clustervine / Jacquemontia Jacquemontia 
Coltsfoot Tussilago 
Common Oat Avena 
Coneflower Rudbeckia 
Cottonwood  Populus 
Crownvetch Coronilla 
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Appendix D. Continued.  
  
Daisy Chrysanthemum 
Desmodium / Ticktrefoil Desmodium 
Dessert-chicory Pyrrhopappus 
Dock Rumex 
Dogbane Apocynum 
Dogfennel / Joe-pye-weed Eupatorium 
Dogwood Cornus 
Dropseed Sporobolus 
Elderberry Sambucus 
Elm Ulmus 
False Nettle Boehmeria 
Fescue Festuca 
Flatsedge Cyperus 
Fleabane Erigeron 
Goldenrod Solidago 
Goosefoot Chenopodium 
Grape Vitis 
Hawthorn Crataegus 
Hickory  Carya 
Hogpeanut Amphicarpaea 
Honeysuckle Lonicera 
Horsebalm Collinsonia 
Hydrangea Hydrangea 
Indian Grass Sorghastrum 
Ironweed Vernonia 
Juniper / Red-cedar Juniperus 
Juniper Leaf / Polypremum Polypremum 
Ladyfern Athyrium 
Lespedeza (Grass) Lespedeza 
Lespedeza (Shrub) Lespedeza bicolor 
Lettuce Lactuca 
Locust Robinia 
Loosestrife Lysimachia 
Love Grass Eragrostis 
Low Panic Grass Dichanthelium 
Magnolia Magnolia 
Maidenhair Fern Adiantum 
Malus Crabapple 
Maple Acer 
Mary's Grass Microstegium 
Mayflower / Solomon's-seal Maianthemum 
Milkweed Asclepias 
Morning-glory Ipomoea 
Mountainmint Pycnanthemum 
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Nettle Urtica 
Nightshade Solanum 
Nutrush Scleria 
Oak Quercus 
Oat Grass Danthonia 
Onion Allium 
Orchard Grass Dactylis 
Panic Grass Panicum 
Paulownia Paulownia 
Pencilflower Stylosanthes 
Persimmon Diospyros 
Pigweed Amaranthus 
Pine Pinus 
Pink Dianthus 
Plantain Plantago 
Poison Ivy Toxicodendron 
Pokeweed Phytolacca 
Purpletop Tridens 
Ragweed Ambrosia 
Redbud Cercis 
Rose Rosa  
Rush Juncus 
Sage Salvia 
Sandwort Arenaria 
Sassafras Sassafras 
Serviceberry Amelanchier 
Smartweed / Knotweed Polygonum 
Snakeroot Sanicula 
Sourwood Oxydendrum 
Sowthistle Sonchus 
Spleenwort Asplenium 
St. Johnswort Hypericum 
Strawberry Fragaria 
Sumac Rhus 
Sweetclover Melilotus 
Sweetgum Liquidambar 
Thistle Cirsium 
Timothy Grass Phleum 
Touch-me-not Impatiens 
Tree of Heaven Ailanthus 
Trillium Trillium 
Venus' Looking-glass Triodanis 
Vetch Vicia 
Violet Viola 
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Virginia Creeper Parthenocissus 
Walnut Juglans 
Wild Carrot Daucus 
Willow  Salix 
Wingstem Verbesina 
Yam Dioscorea 
Yarrow Achillea 
Yellow Poplar Liriodendron 
Yucca Yucca 
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Appendix E. Common and scientific names of birds on point counts. 
 
Common Name Scientific Name 
  
American Crow Corvus brachyrhynchos 
American Goldfinch Carduelis tristis 
American Redstart Setophaga ruticilla 
American Robin Turdus migratorius 
Barred Owl Strix varia 
Black-and-white Warbler Mniotilta varia 
Black-throated Green Warbler Dendroica virens 
Blue Grosbeak Passerina caerulea 
Blue Jay Cyanocitta cristata 
Blue-gray Gnatcatcher Polioptila caerulea 
Blue-headed Vireo Vireo solitarius 
Blue-winged Warbler Vermivora pinus 
Brewster's Warbler Vermivora chrysoptera x pinus 
Brown Thrasher Toxostoma rufum 
Brown-headed Cowbird Molothrus ater 
Carolina Chickadee Poecile carolinensis 
Carolina Wren Thryothorus ludovicianus 
Cedar Waxwing Bombycilla cedrorum 
Cerulean Warbler Dendroica cerulea 
Chestnut-sided Warbler Dendroica pensylvanica 
Chimney Swift Chaetura pelagica 
Chipping Sparrow Spizella passerina 
Cliff Swallow Petrochelidon pyrrhonota 
Common Yellowthroat Geothlypis trichas 
Downy Woodpecker Picoides pubescens 
Eastern Bluebird Sialia sialis 
Eastern Phoebe Sayornis phoebe 
Eastern Towhee Pipilo erythrophthalmus 
Eastern Tufted Titmouse Baeolophus bicolor 
Eastern Wood-Pewee Contopus virens 
European Starling Sturnus vulgaris 
Field Sparrow Spizella pusilla 
Golden-winged Warbler Vermivora chrysoptera 
Grasshopper Sparrow Ammodramus savannarum 
Gray Catbird Dumetella carolinensis 
Hairy Woodpecker Picoides villosus 
Hooded Warbler Wilsonia citrina 
Indigo Bunting Passerina cyanea 
Kentucky Warbler Oporornis formosus 
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Mourning Dove Zenaida macroura 
Northern Bobwhite Colinus virginianus 
Northern Cardinal Cardinalis cardinalis 
Northern Flicker Colaptes auratus 
Northern Rough-winged Swallow Stelgidopteryx serripennis 
Ovenbird Seiurus aurocapillus 
Pileated Woodpecker Dryocopus pileatus 
Prairie Warbler Dendroica discolor 
Red-bellied Woodpecker Melanerpes carolinus 
Red-eyed Vireo Vireo olivaceus 
Red-tailed Hawk Buteo jamaicensis 
Red-winged Blackbird Agelaius phoeniceus 
Ruby-throated Hummingbird Archilochus colubris 
Scarlet Tanager Piranga olivacea 
Song Sparrow Melospiza melodia 
White-breasted Nuthatch Sitta carolinensis 
White-eyed Vireo Vireo griseus 
Wild Turkey Meleagris gallopavo 
Wood Thrush Hylocichla mustelina 
Worm-eating Warbler Helmitheros vermivora 
Yellow-billed Cuckoo Coccyzus americanus 
Yellow-breasted Chat Icteria virens 
Yellow-throated Warbler Dendroica dominica 
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Appendix F. Common and scientific names of vegetation in nests and nest 
patches. 
 
Alfalfa Medicago spp. 
Alumroot Heuchera sp. 
Autumn Olive Elaeagnus umbellata 
Bedstraw Galium sp. 
Beggarticks Bidens sp. 
Bicolor Lespedeza Lespedeza bicolor 
Bird's-foot Trefoil Lotus corniculatus 
Black Locust Robinia pseudoacacia 
Blackberry / Raspberry Rubus spp. 
Boxelder Acer negundo 
Broom-sedge Andropogon virginicus 
Caric Sedge Carex sp. 
Chestnut Oak Quercus montana 
Chicory Cichorium intybus 
Clover Trifolium spp. 
Eastern Cottonwood  Populus deltoides 
Fescue Festuca spp. 
Goldenrod Solidago spp. 
Green Ash Fraxinus pennsylvanica 
Hydrangea Hydrangea sp. 
Joe-pye-weed Eupatorium fistulosum 
Low Panic Grass Dichanthelium sp. 
Mary's Grass Microstegium vimineum 
Multiflora rose Rosa multiflora 
Oat Grass Danthonia spp. 
Orchard Grass Dactylis glomerata 
Ox-eye Daisy Chrysanthemum leucanthemum 
Paulownia Paulownia tomentosa 
Pitch Pine Pinus rigida 
Ragweed Ambrosia artemisiifolia 
Red Maple Acer rubrum 
Redbud Cercis Canadensis 
Sassafras Sassafras albidum 
Sericea Lespedeza Lespedeza cuneata 
Slippery Elm Ulmus rubra 
Smartweed / Knotweed Polygonum sp. 
Smooth Sumac Rhus glabra 
Sourwood Oxydendrum arboreum 
Sowthistle Sonchus sp. 
Sugar Maple Acer saccharum 
Sweetclover Melilotus officinalis 
Timothy Grass Phleum pratense 
Tree of Heaven Ailanthus altissima 
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Virginia Pine Pinus virginiana 
Whorled Loosestrife Lysimachia quadrifolia 
Willow  Salix sp. 
Yarrow Achillea millefolium 
Yellow Poplar Liriodendron tulipifera 
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